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A  COMPLETE  INDEX  TO  THE  BUTLER  UNIVERSITY 
BOTANICAL  STUDIES,  A  JOURNAL  OF  ORIGINAL 
RESEARCH  PUBLISHED  BY  BUTLER  UND7ERSITY 

1929-1964 

Rebecca  W.  Dolan 

Friesner  Herbarium 

Department  of  Biological  Sciences 

Butler  University 

4600  Sunset  Avenue 

Indianapolis,  Indiana  46208 

ABSTRACT:  For  35  years,  the  Botany  Department  of  Butler  University  published  a  journal  of  re- 
search conducted  by  Butler  faculty,  students,  and  other  Indiana  botanists.  Many  of  the  papers  con- 
tain valuable  historical  studies,  especially  floristic  surveys  that  document  Indiana's  vegetation  in  past 
decades.  This  article  presents  a  complete  index  for  the  journal,  arranged  both  chronologically  and 
alphabetically.  Reprints  of  articles  are  still  available. 

INTRODUCTION 

The  Butler  University  Botanical  Studies  journal  was  published  by  the  Botany  Depart- 
ment of  Butler  University  from  1929  to  1964.  The  journal  featured  original  papers  prima- 
rily on  plant  ecology,  taxonomy,  floristics,  palynology,  and  microbiology  by  Butler  fac- 
ulty, current  and  former  Master's  and  undergraduate  students,  and  works  by  other  Indiana 
botanists.  The  journal  was  started  by  Stanley  Cain  and  edited  through  most  of  its  years  of 
production  by  Ray  C.  Friesner.  The  journal  was  distributed  through  exchange  with  many 
learned  societies  and  libraries. 

During  the  years  of  the  journal's  publication,  the  Botany  Department  at  Butler  Uni- 
versity had  an  active  program  of  research  and  student  training  (Dolan,  1991).  Degrees  con- 
ferred during  this  period  numbered  201  Bachelor's  degrees  and  75  Master's  degrees  in 
Botany.  Thirty-five  of  these  graduates  went  on  to  earn  doctorates  at  other  institutions. 

A  chronological  index  to  all  volumes  of  the  Butler  University  Botanical  Studies  is  given 
first  in  this  paper,  followed  by  an  alphabetical  listing  by  major  author.  Volume  14  was 
published  as  Number  1  and  Number  2,  each  beginning  with  page  1 .  Reprints  of  most  pa- 
pers are  available  free  of  charge  from  the  author  of  this  report. 
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Cain,  Stanley  A.  and  Ray  C.  Friesner.  1929.  Some  ecological  factors  in  secondary  suc- 
cession: Upland  hardwood  II.  Soil  reaction  and  plant  distribution  in  the  Sycamore  Creek 
region.  1:  17-28. 

Friesner,  Ray  C.   1929.  The  genus  Trillium  in  Indiana.  1:  29-40. 

Phillips,  Alice.  1929.  Life  forms  and  biological  spectra  of  the  flora  of  Bacon's  swamp, 
Indiana.  1:  41-54. 


Botany:  Dolan  Vol.  101  (1992) 


Friesner,  Ray  C.   1929.  Key  to  genera  of  ferns  and  fern  allies.  1:  55-60. 

Daubenmire,  Rexford  F.  1930.  The  relation  of  certain  ecological  factors  to  the  inhibition 
of  forest  floor  herbs  under  hemlock.  1:  61-76. 

Friesner,  Ray  C.  1930.  Chromosome  numbers  in  ten  species  of  Quercus  with  some  re- 
marks on  the  contributions  of  cytology  to  taxonomy.  1:  77-104. 

Fischer,  George  W.  1930.  A  study  of  fruit  diseases  occurring  in  a  mid- western  market. 
1:  105-128. 

Cain,  Stanley  A.  1930.  Certain  floristic  affinities  of  the  trees  and  shrubs  of  the  Great  Smoky 
Mountains  and  vicinity.  1:  129-156. 

Cain,  Stanley  A.,  Ray  C.  Friesner,  and  John  E.  Potzger.  1930.  A  comparison  of  strip  and 
quadrat  analyses  of  the  woody  plants  on  a  central  Indiana  river  bluff.  1:  157-171. 

Cain,  Stanley  A.  and  Ray  C.  Friesner.  1930.  Certain  aspects  of  the  H-ion  concentration 
of  the  soils  of  a  central  Indiana  river  bluff.  1:  172-175. 

Friesner,  Ray  C.   1930.  A  microtome  knife  cooler.  1:  176. 

Cain,  Stanley  A.  1930.  An  ecological  study  of  the  heath  balds  of  the  Great  Smoky  Moun- 
tains. 1:  177-208. 

Palmer,  C.  Mervin.  1931.  Algae  of  Marion  County,  Indiana,  a  description  of  thirty-two 
forms.  2:  1-24. 

Daubenmire,  Rexford  F.  1931.  The  acid  ranges  of  some  spring-flowering  herbs  with  ref- 
erence to  variations  in  floral  color.  2:  25-28. 

Daubenmire,  Rexford  F.  1931.  Factors  favoring  the  persistence  of  a  relic  association  of 
eastern  hemlock  in  Indiana.  2:  29-32. 

Stanley,  Oran  B.   1931.  Fat  deposits  in  certain  Ericaceae.  2:  33-44. 

Aufderheide,  Hellen.  1931.  Chromosome  numbers  in  Fagus  grandifolia  and  Quercus 
virginica.  2:  45-52. 

Geisler,  Florence.  1931.  Chromosome  numbers  in  certain  species  of  Helianthus.  2:  53- 
64. 

Parker,  Dorothy.  1932.  General  distribution  of  the  species  of  Aster  found  in  Indiana.  2: 
65-80. 

Artist,  Russell.   1932.  The  value  of  Rumex  acetosella  as  an  acid  indicator.  2:  81-92. 

Lindsey,  Alva  J.  1932.  The  trees  of  Indiana  in  their  local  and  general  distribution  accord- 
ing to  physiographic  divisions.  2:  93-124. 

Palmer,  C.  Mervin.  1932.  Plankton  algae  of  White  River  in  Marion  County  and  Morgan 
County,  Indiana.  2:  125-132. 

Friesner,  Ray  C.  and  John  E.  Potzger.  1932.  Studies  in  forest  ecology.  I.  Factors  con- 
cerned in  hemlock  reproduction  in  Indiana.  2:  133-144. 

Friesner,  Ray  C.  and  John  E.  Potzger.  1932.  Studies  in  forest  ecology.  II.  The  ecological 
significance  of  Tsuga  canadensis  in  Indiana.  2:  145-150. 

Craw,  Joe  R.   1932.  Hydrogen-ion  reaction  of  native  Indiana  fern  soils.  2:  151-162. 

Lindsey,  Alva  J.  1932.  The  Merrillville  white  pine  (Pinus  strobus)  bog,  Lake  County, 
Indiana.  2:  167-178. 

Lindsey,  Alva  J.  1932.  Preliminary  fossil  pollen  analysis  of  the  Merrillville  white  pine 
bog.  2:  179-182. 

Esten,  Mabel  M.  1932.  A  statistical  study  of  a  beech-maple  association  at  Turkey  Run 
State  Park,  Parke  County,  Indiana.  2:  183-201. 

Friesner,  Ray  C.   1933.  The  genus  Solidago  in  northeastern  North  America.  3:  1-64. 

Friesner,  Ray  C.  and  J.E.  Potzger.  1933.  Climax  conditions  and  the  ecological  status  of 
Pinus  strobus,  Taxus  canadensis  and  Tsuga  canadensis  in  the  Pine  Hills  region  of  In- 


Vol.  101  (1992)  Indiana  Academy  of  Science 


diana.  3:  65-83. 
Friesner,  Ray  C.  and  J.E.  Potzger.    1934.    Some  comparisons  between  virgin  forest  and 

adjacent  areas  of  secondary  succession.  3:  85-98. 
Coffing,  Charlene.   1934.  Additions  to  the  algal  flora  of  Indiana.  3:  99-101. 
Palmer,  C.  Mervin.   1934.  Algae  of  Steuben  County,  Indiana.  3:  102-103. 
Trefz,  Lettie  Page.    1935.    The  shrubs  of  Indiana  in  their  local  and  general  distribution 

according  to  physiographic  divisions.  3:  105-128. 
Griffin,  Agatha.   1935.  The  effect  of  interrupted  translocation  upon  loss  of  chlorophyll  in 

leaves  during  autumn  coloration.  3:  129-137. 
Griffin,  Agatha.   1935.  Some  notes  on  anthocyanin  formation  in  leaves  with  cut  veins.  3: 

139-140. 
Geisler,  Florence.   1935.  A  new  method  for  separation  of  fossil  pollen  from  peat.  3:  141- 

146. 
Wilson,  Betty  L.    1936.   A  bryocenological  study  of  some  epiphytic  mosses  of  a  central 

Indiana  woods.  3:  149-172. 
Higinbotham,  Noe  L.    1936.    The  chromosome  relations  of  Solidago  rigida  and  a  giant 

mutation.  3:  173-176. 
Kenoyer,  E.  Fay.  1936.  Modification  of  vascular  tissue  in  midvein  of  Quercus  alba  leaves 

induced  by  gall  development  of  Cynips  pezomachoides  erinacei.  3:  177-190. 
Artist,  Russell  C.    1936.   Stratigraphy  and  preliminary  pollen  analysis  of  a  Lake  County, 

Illinois,  bog.  3:  191-198. 
Friesner,  Ray  C,  Arnold  Kleine,  and  John  E.  Potzger.    1936.   The  effect  of  precipitation 

and  temperature  on  annular- ring  growth  in  four  species  of  Quercus.  3:  199-206. 
Friesner,  Ray  C.  and  John  E.  Potzger.    1936.   Soil  moisture  and  the  nature  of  the  Tsuga 

and  Tsuga-Pinus  forest  associations  in  Indiana.  3:  206-209. 
Friesner,  Ray  C.  and  J.E.  Potzger.    1937.   Contrasts  in  certain  physical  factors  in  Fagus- 

Acer  and  Quercus-Carya  communities  in  Brown  and  Bartholomew  Counties,  Indiana. 

4:  1-12. 
Coffing,  Charlene.    1937.   A  quantitative  study  of  the  phytoplankton  of  the  White  River 

Canal,  Indianapolis,  Indiana.  4:  13-31. 
Prettyman,  Robert  L.   1937.  Fossil  pollen  analysis  of  Fox  Prairie  Bog,  Hamiliton  County, 

Indiana.  4:  33-42. 
Smith,  William  M.   1937.  Pollen  spectrum  of  Lake  Cicott  Bog,  Cass  County,  Indiana.  4: 

43-54. 
Barnett,  Jean.    1937.    Pollen  study  of  Cranberry  Pond,  near  Emporia,  Madison  County, 

Indiana.  4:  55-64. 
Daily,  William  Allen.   1938.  A  quantitative  study  of  the  phytoplankton  of  Lake  Michigan 

collected  in  the  vicinity  of  Evanston,  Illinois.  4:  65-83. 
Stanley,  Ina.    1938.    A  comparison  of  market  milk  from  ten  Indianapolis  companies  by 

use  of  the  direct  microscopic  method  of  analysis.  4:  85-92. 
Otto,  James  H.   1938.  Forest  succession  in  the  southern  limits  of  Early  Wisconsin  glacia- 

tion  as  indicated  by  a  pollen  spectrum  from  Bacon's  Swamp,  Marion  County,  Indi- 
ana. 4:  93-116. 
Howell,  John  W.   1938.  A  fossil  pollen  study  of  Kokomo  bog,  Howard  County,  Indiana. 

4:  117-127. 
Richards,  Ruth  Rebekah.   1938.  A  pollen  profile  of  Otterbein  Bog,  Warren  County,  Indi- 
ana. 4:  128-140. 
Friesner,  Ray  C.    1940.   Key  to  species  and  varieties  of  ferns  and  fern  allies  of  northeast- 


4  Botany:  Dolan  Vol.  101  (1992) 

ern  North  American.  4:  141-162. 
Friesner,  Ray  C.  and  J.E.  Potzger.    1940.    A  phytosociological  study  of  the  herbaceous 

plants  in  two  types  of  forests  in  central  Indiana.  4:  163-180. 
Friesner,  Ray  C.  and  J.E.  Potzger.   1940.  What  is  climax  in  central  Indiana?  A  five-mile 

quadrat  study.  4:  181-195. 
Friesner,  Ray  C.   1940.  Some  necessary  nomenclatorial  changes  in  the  genus  Solidago.  4: 

196. 
Friesner,  Ray  C.   1940.  A  study  of  asymmetrical  growth  from  stump  sections  of  Quercus 

velutina.  4:  197-206. 
Moss,  Byron  W.   1940.  A  comparative  pollen  analysis  of  two  bogs  within  the  boundaries 

of  the  Late  Wisconsin  glaciation  in  Indiana.  4:  207-216. 
Hamp,  Frank  A.   1940.  A  fossil  pollen  study  of  two  northern  Indiana  bogs.  4:  217-225. 
Friesner,  Ray  C.   1940.  An  observation  on  the  effectiveness  of  root  pressure  in  the  ascent 

of  sap.  4:  226. 
Palmer,  C.  Mervin.   1941.  A  study  of  Lemanea  in  Indiana  with  notes  on  its  distribution  in 

North  America.  5:  1-26. 
Damann,  Kenneth  E.   1941.  Quantitative  study  of  the  phytoplankton  of  Lake  Michigan  at 

Evanston,  Illinois.  5:  27-44. 
Wade,  George  W.    1941.   The  direct  microscopic  analysis  of  milk  over  a  period  of  one 

year  from  three  creameries  serving  Indianapolis.  5:  45-57. 
Lentz,  Paul.   1941.  Molds  found  in  Indianapolis  markets.  5:  58-66. 
Swickard,  Dayton  A.    1941.   Comparison  of  pollen  spectra  from  bogs  of  Early  and  Late 

Wisconsin  glaciation  in  Indiana.  5:  67-84. 
Friesner,  Ray  C.    1941.   A  preliminary  study  of  growth  in  beech,  Fagus  grandifolia,  by 

the  dendrographic  method.  5:  85-94. 
Friesner,  Ray  C.  and  Gladys  M.  Friesner.  1941 .  Relation  of  annual  ring  formation  to  rainfall 

as  illustrated  in  six  species  of  trees  from  Marshall  County,  Indiana.  5:  95-1 12. 
Friesner,  Ray  C.    1941.   Nomenclatorial  changes  in  the  genus  Solidago — corrections.  5: 

113. 
Guss,  Joanna  C.   1942.  The  origin  of  the  flora  of  the  Chestnut  Oak  Upland  region  of  Indi- 
ana. 5:  117-133. 
Harmon,  Matthew  H.  1942.  A  study  of  some  growth  factors  affecting  asymmetrical  growth 

in  trees.  5:  134-144. 
Friesner,  Ray  C.   1942.  Vertical  growth  in  four  species  of  pines  in  Indiana.  5:  145-159. 
Friesner,  Ray  C.   1942.  Dendrometer  studies  on  five  species  of  broadleaf  trees  in  Indiana. 

5:  160-172. 
Brunson,  Margaret  Esther.   1942.  Distribution  of  Indiana  Orchidaceae.  5:  173-178. 
Potzger,  J.E.  and  Ruth  Rebekah  Richards.  1942.  Forest  succession  in  the  Trout  Lake,  Vilas 

County,  Wisconsin  area:  A  pollen  study.  5:  179-189. 
Friesner,  Ray  C,  J.E.  Potzger,  and  Carl  Keller.   1942.  Phytosociology  of  the  Cox  Woods: 

A  remnant  of  forest  primeval  in  Orange  County,  Indiana.  5:  190-221. 
Palmer,  C.  Mervin.   1942.  Lemanea  herbarium  packets  containing  more  than  one  species. 

5:  222-223. 
Palmer,  C.  Mervin.    1942.  Additional  records  for  algae,  including  some  of  the  less  com- 
mon forms.  5:  224-234. 
Friesner,  Ray  C.   1943.  Correlation  of  elongation  in  primary,  secondary  and  tertiary  axes 

of  Pinus  strobus  and  P.  resinosa.  6:  1-9. 
Friesner,  Ray  C.  and  J.E.  Potzger.  1943.  An  ecological  survey  of  Berkey  Woods:  A  rem- 


Vol.  101  (1992)  Indiana  Academy  of  Science 


nant  of  forest  primeval  in  Kosciusko  County,  Indiana.  6:  10-16. 
Smolelis,  Albin  N.  1943.  A  study  of  the  effect  of  plant  operations  upon  the  bacterial  count 

of  milk.  6:  17-29. 
Hupp,  Eugene  R.   1943.  Plankton  and  its  relation  to  chemical  factors  and  environment  in 

White  River  canal,  Indianapolis,  Indiana.  6:  30-53. 
Potzger,  J.E.    1943.   Pollen  study  of  five  bogs  in  Price  and  Sawyer  Counties,  Wisconsin. 

6:  54-64. 
Keller,  Carl  O.   1943.  A  comparative  study  of  three  Indiana  bogs.  6:  65-80. 
Friesner,  Ray  C.   1943.  Two  Solidago  hybrids  worthy  of  names.  6:  81-83. 
Daily,  William  A.    1943.   First  reports  for  the  algae  Borzia,  Aulosira  and  Asterocytis  in 

Indiana.  6:  84-86. 
Ek,  Charles  M.  and  Ray  C.  Friesner.   1944.  Correlation  of  microclimatic  factors  with  spe- 
cies distribution  in  Shenk's  Woods,  Howard  County,  Indiana.  6:  87-101. 
Friesner,  Ray  C.  and  J.E.  Potzger.   1944.  Survival  of  hemlock  seedlings  in  a  relict  colony 

under  forest  conditions.  6:  102-1 15. 
Potzger,  John  E.   1944.  The  vegetation  of  Round  Island  (Straits  of  Mackinac),  Michigan. 

6:  116-122. 
Potzger,  John  E.    1944.    Pollen  frequency  of  Abies  and  Picea  in  peat:    A  correction  on 

some  published  records  from  Indiana  bogs  and  lakes.  6:  123-130. 
Kiener,  Walter.    1944.   Notes  on  distribution  and  bio-ecology  of  Characeae  in  Nebraska. 

6:  131-148. 
Daily,  Fay  Kenoyer.   1944.  The  Characeae  of  Nebraska.  6:  149-171. 
Potzger,  John  E.   1945.  A  quarter  century  of  botany  at  Butler  University.  7:  1-10. 
Cain,  Stanley  A.   1945.  A  biological  spectrum  of  the  flora  of  the  Great  Smoky  Mountains 

National  Park.  7:  11-24. 
Fischer,  George  W.    1945.  The  stem  smuts  of  Stipa  and  Oryzopsis  in  North  America.  7: 

25-39. 
Withrow,  Alice  Phillips.   1945.  Interrelationship  of  nitrogen  and  photoperiod  on  the  flow- 
ering, growth,  and  stem  anatomy  of  certain  long  day  and  short  day  plants.  7:  40-64. 
Geisler,  Florence.   1945.  A  pollen  study  of  thirty-two  species  of  grasses.  7:  65-73. 
Parker,  Dorothy.  1945.  Plant  succession  at  Long  Pond,  Long  Island,  New  York.  7:  74-88. 
Billings,  W.  Dwight.   1945.  The  plant  associations  of  the  Carson  Desert  Region,  western 

Nevada.  7:89-123. 
Daily,  Fay  Kenoyer.   1945.  The  Characeae  of  Indiana:  A  preliminary  report.  7:  124-132. 
Daily,  William  A.    1945.    Additions  to  the  filamentous  Myxophyceae  of  Indiana,  Ken- 
tucky and  Ohio.  7:  132-139. 
Keller,  Carl  O.  1945.  A  quadrat  study  of  Meltzer  Woods,  Shelby  County,  Indiana.  7:  140- 

154. 
Lee,  Mordie  B.   1945.  An  ecological  study  of  the  floodplain  forest  along  the  White  River 

system  in  Indiana.  7:  155-175. 
Palmer,  C.  Mervin.   1945.  A  preliminary  study  of  Lemanea  in  western  North  America.  7: 

176-181. 
Potzger,  John  E.   1945.  The  Pine  Barrens  of  New  Jersey:  A  refugium  during  Pleistocene 

times.  7:  182-196. 
Friesner,  Ray  C.  and  Gershom  Walden.    1946.    A  five-year  dendrometer  record  in  two 

trees  of  Pinus  strobus.  8:  1-23. 
Friesner,  Ray  C.  and  John  E.  Potzger.  1946.  The  Cabin  Creek  raised  bog,  Randolph  County, 

Indiana.  8:  24-43. 


6  Botany:  Dolan  Vol.  101  (1992) 


Cook,  Howard  L.   1946.  A  study  of  the  distribution  of  the  grasses  of  Indiana.  8:  44-63. 

Keller,  Carl  O.  1946.  An  ecological  study  of  the  Klein  Woods,  Jennings  County,  Indiana. 
8:64-81. 

Morris,  Mabel  Grace.  1946.  A  study  of  bacteria  found  in  the  distribution  system  of  a 
water  plant.  8:82-100. 

Parker,  Leander  C.  1946.  A  comparative  study  of  the  bacterial  count  of  vanilla  and  choco- 
late ice  cream  from  two  Indianapolis  producers.  8:  101-112. 

Daily,  Fay  Kenoyer.   1946.  Species  of  Tolypella  in  Nebraska.  8:  1 13-1 17. 

Daily,  William  A.   1946.  Notes  on  the  algae,  I,  II.  8:  118-120. 

Daily,  William  A.   1946.  Notes  on  algae,  III.  8:  121-122. 

Daily,  Fay  Kenoyer.   1948.  Nitella  capillata  A.  Br.  in  North  Carolina.  8:  123-125. 

Weaver,  Jack  R.   1948.  Fossil  diatoms  from  Lakeville  Bog,  Indiana.  8:  126-138. 

Hill,  Charles  F.  1948.  A  direct  microscopic  study  of  the  effect  of  temperature  on  bacterial 
count  in  milk.  8:  139-152. 

Potzger,  Esther  W.  and  John  E.  Potzger.  1948.  Progress  in  succession  in  the  Pennington 
grove  of  Pinus  virginiana.  8:  153-160. 

Potzger,  John  E.  1948.  A  pollen  study  in  the  tension  zone  of  Lower  Michigan.  8:  161- 
177. 

Friesner,  Ray  C.  and  John  E.  Potzger.  1948.  Forests  of  the  past  along  the  coast  of  south- 
ern Maine.  8:  178-203. 

Kent,  Robert  L.  1948.  Antibiotic  behavior  patterns  of  living  cultures  of  Pseudomonas.  8: 
204-218. 

Griffin,  Charles  D.  1948.  A  study  of  abundance  of  stems  per  acre  in  relation  to  age  of 
stand.  8:  219-232. 

Motley,  Jerry  Anne.   1949.  Correlation  of  elongation  in  White  and  Red  Pine.  9:  1-8. 

Colligan,  Doris.  1949.  A  study  of  organisms  in  soil  samples  from  southern  Indiana  which 
inhibit  the  growth  of  Escherichia  coli  and  Staphylococcus  aureus.  9:  9-20. 

Mindach,  Fred  C.  1949.  Antibiotic  producing  organisms  isolated  from  the  White  River 
Canal,  Indianapolis,  Indiana.  9:  21-42. 

Reimer,  Charles  W.  1949.  Growth  correlations  in  five  species  of  deciduous  trees.  9:  43- 
59. 

Secor,  Jack  B.  1949.  A  comparative  ecological  study  of  two  forest  stands  in  the  Illinoian 
Drift  Plain  area  of  southern  Indiana.  9:  60-79. 

Secor,  Jack  B.  1949.  An  ecological  survey  of  the  Crawford  Woods,  Clark  County,  Indi- 
ana. 9:  80-87. 

Miller,  Walter  A.   1949.  Molds  on  vegetables  in  Indianapolis  retail  markets.  9:  88-92. 

Malott,  Jeanne  A.  1949.  Soil  reactions  of  the  Pteridophytes  of  the  Megunticook  Lake 
region  near  Camden,  Maine.  9:  93-107. 

Cundiff,  Mary  Fritsche.  1949.  A  study  in  soil  moisture,  acidity  and  evaporation  in  an 
upland  woods  at  Turkey  Run  State  Park.  9:  108-123. 

Friesner,  Ray  C.   1949.  Two  new  entities  in  the  genus  Solidago.  9:  124-126. 

Daily,  Fay  Kenoyer.   1949.  Chara  kieneri,  a  new  species  from  Nebraska.  9:  127-130. 

Griffin,  Charles  D.  1950.  A  pollen  profile  from  Reed  Bog,  Randolph  County,  Indiana.  9: 
131-139. 

Guennel,  G.K.   1950.  History  of  forests  in  the  glacial  Lake  Chicago  area.  9:  140-158. 

Friesner,  Ray  C.  1950.  Growth-rainfall  trend  co-efficients  shown  by  six  species  of  hard- 
woods in  Brown  County,  Indiana.  9:  159-166. 

Miller,  Chester  W.   1950.  The  effect  of  precipitation  on  annular-ring  growth  in  three  spe- 


Vol.  101  (1992)  Indiana  Academy  of  Science 


cies  of  trees  from  Brown  County,  Indiana.  9:  167-175. 

Scott,  Frances  I.  1950.  Polyploidy  among  plant  species  extraneous  in  Indiana.  9:  176- 
187. 

Lamerson,  Virginia.   1950.  Coastal  plains  flora  in  Indiana  botanical  areas.  9:  188-196. 

Holmes,  Donald  H.  1950.  A  comparison  of  the  total  bacterial  counts  of  raw  and  pasteur- 
ized milk.  9:  197-202. 

Manning,  Howard  E.  1950.  The  effect  of  anthocyanin  filters  on  plant  behavior  and  devel- 
opment. 9:  203-211. 

Esten,  Mabel  M.  and  Albert  G.  Dannin.  1950.  Chlorophyll  therapy  and  its  relation  to 
pathogenic  bacteria.  9:  212-217. 

Keller,  Carl  O.   1950.  The  genus  Liatris  in  Indiana.  9:  218-226. 

Wallace,  John  H.  and  Ruth  Patrick.  1950.  A  consideration  of  Gomphonema  parvulum 
Kutz.  9:  227-234. 

Palmer,  C.  Mervin.   1950.  Phycologists  of  India.  9:  235-238. 

McQueeney,  Carl  R.  1950.  An  ecological  study  of  the  relationship  between  direction  of 
slope,  elevation  and  forest  cover  in  Brown  County,  Indiana.  9:  239-269. 

Daily,  Fay  Kenoyer.  1950.  Nitella  spanioclema  Groves  &  Bullock- Webster  var.  nidifica 
var.  nov.,  from  Alabama.  9:  270-272. 

Daily,  Fay  Kenoyer.   1950.  Tolypella  rolifera  Leonh.  in  Indiana.  9:  273-276. 

Clevenger,  Sarah.  1951.  The  distribution  of  the  ferns  and  fern  allies  found  in  Indiana.  10: 
1-11. 

Miller,  Chester  W.   1951.  Growth  data  from  sections  of  Acer  saccharum.  10:  12-19. 

Oliver,  John  L.  1951.  Forest  succession  in  the  Valparaiso  and  Packerton  Moraines  in  In- 
diana. 10:  20-28. 

Gillum,  Alice  Jeanne.  1951.  The  effects  of  large  amounts  of  certain  vitamins  of  the  B 
group  on  the  growth  rate  and  morphology  of  certain  bacteria.  10:  29-39. 

Blewett,  Marilyn  B.  and  John  E.  Potzger.  195 1 .  The  forest  primeval  of  Marion  and  Johnson 
Counties,  Indiana  in  1819.  10:  40-52. 

Cook,  Grover  W.  1951.  The  phytoplankton  of  two  artificial  lakes  in  Hendricks  County. 
Indiana.  10:  53-60. 

Rohr,  Fred  W.  and  John  E.  Potzger.  1951.  Forest  and  prairie  in  three  northwestern  Indi- 
ana counties.  10:  61-70. 

Reynolds,  William  and  John  E.  Potzger.  1951.  Distribution  of  Quercus  muhlenbergii  in 
Indiana.  10:71-79. 

Ross,  Mildred  I.  1951.  Pinus  virginiana  in  the  forest  primeval  of  five  southern  Indiana 
counties.  10:  80-89. 

Griffin,  Charles  Donald.  1951.  Pollen  analysis  of  a  peat  deposit  in  Livingston  County, 
Illinois.  10:  90-100. 

LeFave,  Gene  M.  and  Bruce  Skiles.  1952.  The  efficacy  of  certain  substituted  phenols  and 
their  salts  as  fungicidal  agents.  10:  101-107. 

Potzger,  John  E.  and  Carl  O.  Keller.  1952.  The  beech  line  in  northwestern  Indiana.  10: 
108-113. 

Finley,  Dean  and  John  E.  Potzger.  1952.  Characteristics  of  the  original  vegetation  in  some 
prairie  counties  of  Indiana.  10:  114-118. 

Friesner,  Ray  C.  and  J.  Johanna  Jones.  1952.  Correlation  of  elongation  in  primary  and 
secondary  branches  of  Pinus  resinosa.  10:  119-128. 

Callender,  Maurice  E.  1952.  The  cultivation  of  Endamoeba  histolytica  and  the  in-vitro 
chemotherapeutic  testing  of  amoebacides.  10:  129-140. 


Botany:  Dolan  Vol.  101  (1992) 


Daily,  Fay  Kenoyer.  1952.  Cladophora  balls  collected  in  Steuben  County,  Indiana.  10: 
141-143. 

Friesner,  Ray  C.  1952.  The  pioneer  period  in  the  study  of  Indiana  vascular  flora.  10:  144- 
152. 

Lawlis,  John  F.,  Jr.  1952.  The  effect  of  certain  bacteria  on  the  growth  of  Trichomonas 
vaginalis  in  vitro.  10:  153-170. 

McCormick,  Jack.  1952.  The  flora  of  Shades  State  Park  (Indiana)  and  the  geographical 
distribution  of  the  species.  10:  171-181. 

Jones,  J.  Johanna.  1952.  A  survey  of  fifteen  forest  stands  in  the  early  Wisconsin  drift 
plain  of  Indiana.  10:  182-204. 

Trotter,  Charles  L.  1952.  A  five-acre  forest  survey  at  Shades  State  Park  (Indiana).  A  study 
of  sampling  methods.  10:  205-217. 

Daily,  William  A.  and  Jack  McCormick.  1952.  The  phytoplankton  of  the  J.W.  Frisz  Me- 
morial Lagoon,  Shades  State  Park  (Indiana).  10:  218-219. 

Drouet,  Francis  and  William  A.  Daily.  1952.  A  synopsis  of  the  coccoid  Myxophyceae. 
10:  220-223. 

Friesner,  Ray  C.   1953.  Rafinesque  and  the  taxonomy  of  Indiana  vascular  plants.  11:  1-4. 

Daily,  Fay  Kenoyer.   1953.  The  Characeae  of  Indiana.  11:  5-49. 

Potzger,  John  E.  and  A.N.  Liming.  1953.  Secondary  succession  in  stands  of  red  maple- 
sweet  gum-beech  forests  in  Ripley  County,  Indiana.  11:  50-59. 

Pelton,  John  F.  1953.  Relationship  of  certain  vegetative  characteristics  of  Stipa  spartea  to 
survival  from  defoliation.  1 1 :  60-70. 

Harris,  William  E.  1953.  Effect  of  five  antibiotics  in  varying  concentrations  on  growth  of 
young  corn  plants.  11:  71-86. 

Palmer,  C.  Mervin  and  Thomas  E.  Maloney.  1953.  The  use  of  algal  cultures  in  experi- 
ments concerned  with  water  supply  problems.  11:  87-90. 

Daily,  William  A.  and  Everett  E.  Miner.  1953.  The  phytoplankton  of  Lake  Wawasee, 
Kosciusko  County,  Indiana.  11:  91-99. 

Jones,  J.  Johanna.  1954.  Dr.  Friesner,  botanist-teacher  (including  bibliography).  11:  103- 
111. 

Billings,  W.D.  1954.  Temperature  inversions  in  the  Pinyon-Juniper  zone  of  a  Nevada 
mountain  range.  11:  112-118. 

Daubenmire,  R.  1954.  Alpine  timberlines  in  the  Americas  and  their  interpretation.  11: 
119-136. 

Parker,  Dorothy.   1954.  Hepaticae  from  the  Federal  District,  Mexico.  I.  1 1 :  137-138. 

Daily,  William  A.  and  J.M.  McGuire.  1954.  Preservation  of  some  algal  cultures  by  lyo- 
philization.  11:  139-143. 

Daily,  Fay  Kenoyer.  1954.  A  rare  Tolypella  new  to  the  United  States  of  America.  11: 
144-148. 

Higinbotham,  N.  and  Betty  Wilson  Higinbotham.  1954.  Quantitative  relationships  of  ter- 
restrial mosses  with  some  coniferous  forests  at  Mt.  Rainier  National  Park.  11:  149- 
168. 

Guennel,  G.K.  1954.  An  interesting  megaspore  species  found  in  Indiana  block  coal.  11: 
169-178. 

Reimer,  Charles  W.  1954.  Re-evaluation  of  the  diatom  species  Nitzschia  frustulum  (Kutz.) 
Grun.  11:  178-191. 

Pelton,  Jeanette  S.  1954.  Expression  of  the  gene  dl  in  the  scutellum  of  maize.  11:  192- 
198. 


Vol.  101  (1992)  Indiana  Academy  of  Science 


Potzger,  J.E.  1954.  Post- Algonquin  and  post-Nipissing  forest  history  of  Isle  Royale,  Michi- 
gan. 11:  199-209. 

Drouet,  Francis  and  William  A.  Daily.  1956.  Revision  of  the  coccoid  Myxophyceae.  12: 
1-218. 

Billings,  D.W.   1956.  John  E.  Potzger:  1886-1955  (including  bibliography).  13:  3-5. 

Potzger,  John  E.   1956.  Bibliography  of  scientific  papers.  13:6-11. 

Potzger,  John  E.  and  Albert  Courtemanche.  1956.  Pollen  study  in  the  Gatineau  Valley, 
Quebec.  13:  12-23. 

Potzger,  John  E.,  Albert  Courtemanche,  Br.  M.  Sylvio,  and  Francis  Hueber.  1956.  Pollen 
from  moss  polsters  on  the  mat  of  Lac  Shaw  Bog,  Quebec,  correlated  with  a  forest  sur- 
vey. 13:  24-35. 

Daily,  Fay  Kenoyer  and  Walter  Kiener.  1956.  The  Characeae  of  Nebraska — additions 
and  changes.  13:  36-46. 

Daily,  William  A.   1956.  Notes  on  the  algae— IV.  13:  47-48. 

Holmes,  Donald  H.  1956.  The  effects  of  various  physical  and  chemical  agents  on  a  Sta- 
phylococcus bacteriophage.  13:  49-65. 

Pelton,  Jeanette  S.  1956.  Expression  of  the  gene  d  in  the  first  three  leaves  of  Zea  mays  L. 
13:  66-73. 

Pelton,  John.  1956.  A  study  of  seed  dormancy  in  eighteen  species  of  high  altitude  Colo- 
rado plants.  13:74-84. 

Stearns,  Forest.   1956.  Forest  communities  in  Versailles  State  Park,  Indiana.  13:  85-94. 

Potzger,  John  E.,  Margaret  E.  Potzger,  and  Jack  McCormick.  1956.  The  forest  primeval 
of  Indiana  as  recorded  in  the  original  U.S.  Land  Surveys  and  an  evaluation  of  previ- 
ous interpretations  of  Indiana  vegetation.  13:  95-1 11. 

Anderson,  Robert  G.  and  Robert  C.  Lommasson.  1958.  Some  effects  of  temperature  on 
the  growth  of  Chara  zeylanica  Willd.  13:  113-120. 

Nickell,  Walter  P.  1958.  Variations  in  engineering  features  of  the  nests  of  several  species 
of  birds  in  relation  to  nest  sites  and  nesting  materials.  13:  121-140. 

Webster,  Rex  Nathaniel.  1958.  The  life  history  of  the  freshwater  red  alga  Tuomeya 
fluviatilis  Harv .  13:  1 4 1  - 1 60. 

O'Neill,  Thomas  W.  1958.  A  simplified  medium  for  use  in  tissue  cultivation  of  Poliomy- 
elitis vims.  13:  161-178. 

Streightoff,  Frank.   1958.  Erythromycin,  studies  of  its  mode  of  action.  13:  179-214. 

Pelton,  Jeanette  S.  1958.  Growth  responses  of  alpine  Potentilla  diversifolia  and  Achillea 
lanulosa  to  gibberellic  acid.  13:  215-218. 

Emboden,  William  A.,  Jr.  1961.  A  preliminary  study  of  the  crossing  relationships  of  Cap- 
sicum baccatum.  14(1):  1-5. 

Webster,  Rex  N.   1961.  The  genus  Sphaerellopsis  in  Indiana.  14  (1):  7-8. 

Hall,  Marion  T.,  J.F.  McCormick,  and  George  G.  Fogg.  1961.  Hybridization  between 
Juniperus  ashei  Buchholz  and  Juniperus  pinchoti  Sudworth  in  southwestern  Texas. 
14(1):  9-28. 

Daily,  Fay  Kenoyer  and  C.L.  Porter.  1961.  A  key  and  annotations  for  some  Characeae 
collected  in  Wyoming.  14  (1):  29-37. 

Daily,  Fay  Kenoyer.  1961.  Glacial  and  post-glacial  Charophytes  from  New  York  and  In- 
diana. 14(1):  39-71. 

Hall,  Marion  T.   1961.  Notes  on  cultivated  junipers.  14  (1):  73-90. 

Boeck,  LaVerne  D.  1964.  Development  of  a  chemically  defined  medium  for  biosynthesis 
of  capreomycin  by  Streptomyces  capreolus.  14(2):  1-20. 


10  Botany:  Dolan  Vol.  101  (1992) 


5Hall,  Marion  T.  and  Claudia  J.  Carr.  1964.  Differential  selection  in  juniper  populations 
from  Baum  Limestone  and  Trinity  Sand  of  southern  Oklahoma.  14  (2):  21-40. 

Lipscomb,  Robert  G.  A  study  of  winter  diatoms  (Bacillariophyceae)  flora  in  Fall  Creek, 
Indiana.  14  (2):  41-53. 

Pelton,  John.   1964.  A  survey  of  the  ecology  of  Tecoma  stans.  14  (2):  53-88. 

Tan,  Wee  Chong  and  Bernard  Malin.  1964.  Biosynthesis  of  glutamic  acid.  14  (2):  89- 
104. 

Welch,  Winona  H.   1964.  Algae  previously  unpublished  for  Panama.  14  (2):  105. 

ALPHABETICAL  AUTHOR  INDEX  TO  THE  BUTLER 
UNIVERSITY  BOTANICAL  STUDIES  JOURNAL  (1929-1964) 

Anderson,  Robert  G.  and  Robert  C.  Lommasson.  1958.  Some  effects  of  temperature  on 
the  growth  of  Chara  zeylanica  Willd.  13:  1 13-120. 

Artist,  Russell  C.   1932.  The  value  of  Rumex  acetosella  as  an  acid  indicator.  2:  81-92. 

Artist,  Russell  C.  1936.  Stratigraphy  and  preliminary  pollen  analysis  of  a  Lake  County, 
Illinois,  bog.  3:  191-198. 

Aufderheide,  Hellen.  1931.  Chromosome  numbers  in  Fagus  grandifolia  and  Quercus 
virginica.  2:  45-52. 

Barnett,  Jean.  1937.  Pollen  study  of  Cranberry  Pond,  near  Emporia,  Madison  County, 
Indiana.  4:  55-64. 

Billings,  W.  Dwight.  1945.  The  plant  associations  of  the  Carson  Desert  Region,  western 
Nevada.  7:  89-123. 

Billings,  W.D.  1954.  Temperature  inversions  in  the  Pinyon-Juniper  zone  of  a  Nevada 
mountain  range.  11:  112-118. 

Billings,  W.D.   1956.  John  E.  Potzger:  1886-1955  (including  bibliography).  13:  3-5. 

Blewett,  Marilyn  B.  and  John  E.  Potzger.  195 1 .  The  forest  primeval  of  Marion  and  Johnson 
Counties,  Indiana  in  1819.  10:  40-52. 

Boeck,  La  Verne  D.  1964.  Development  of  a  chemically  defined  medium  for  biosynthesis 
of  capreomycin  by  Streptomyces  cap reolus.  14(2):  1-20. 

Brunson,  Margaret  Esther.   1942.  Distribution  of  Indiana  Orchidaceae.  5:  173-178. 

Cain,  Stanley  A.  1930.  An  ecological  study  of  the  heath  balds  of  the  Great  Smoky  Moun- 
tains. 1:  177-208. 

Cain,  Stanley  A.  1930.  Certain  floristic  affinities  of  the  trees  and  shrubs  of  the  Great  Smoky 
Mountains  and  vicinity.  1:  129-156. 

Cain,  Stanley  A.  1945.  A  biological  spectrum  of  the  flora  of  the  Great  Smoky  Mountains 
National  Park.  7:  11-24. 

Cain,  Stanley  A.  and  Ray  C.  Friesner.  1929.  Some  ecological  factors  in  secondary  suc- 
cession: Upland  hardwood  I.  Evaporation  studies  in  the  Sycamore  Creek  region.  1:1- 
16. 

Cain,  Stanley  A.  and  Ray  C.  Friesner.  1929.  Some  ecological  factors  in  secondary  suc- 
cession: Upland  hardwood  II.  Soil  reaction  and  plant  distribution  in  the  Sycamore  Creek 
region.  1:  17-28. 

Cain,  Stanley  A.  and  Ray  C.  Friesner.  1930.  Certain  aspects  of  the  H-ion  concentration 
of  the  soils  of  a  central  Indiana  river  bluff.  1:  172-175. 

Cain,  Stanley  A.,  Ray  C.  Friesner,  and  John  E.  Potzger.  1930.  A  comparison  of  strip  and 
quadrat  analyses  of  the  woody  plants  on  a  central  Indiana  river  bluff.  1:  157-171. 

Callender,  Maurice  E.    1952.   The  cultivation  of  Endamoeba  histolytica  and  the  in- vitro 


Vol.  101  (1992)  Indiana  Academy  of  Science  11 


chemotherapeutic  testing  of  amoebacides.  10:  129-140. 

Clevenger,  Sarah.  195 1.  The  distribution  of  the  ferns  and  fern  allies  found  in  Indiana.  10: 
1-11. 

Coffing,  Charlene.   1934.  Additions  to  the  algal  flora  of  Indiana.  3:  99-101. 

Coffing,  Charlene.  1937.  A  quantitative  study  of  the  phytoplankton  of  the  White  River 
Canal,  Indianapolis,  Indiana.  4:  13-31. 

Colligan,  Doris.  1949.  A  study  of  organisms  in  soil  samples  from  southern  Indiana  which 
inhibit  the  growth  of  Escherichia  coli  and  Staphylococcus  aureus.  9:  9-20. 

Cook,  Grover  W.  1951.  The  phytoplankton  of  two  artificial  lakes  in  Hendricks  County, 
Indiana.  10:  53-60. 

Cook,  Howard  L.   1946.  A  study  of  the  distribution  of  the  grasses  of  Indiana.  8:  44-63. 

Craw,  Joe  R.   1932.  Hydrogen-ion  reaction  of  native  Indiana  fern  soils.  2:  151-162. 

Cundiff,  Mary  Fritsche.  1949.  A  study  in  soil  moisture,  acidity  and  evaporation  in  an 
upland  woods  at  Turkey  Run  State  Park.  9:  108-123. 

Daily,  Fay  Kenoyer.   1944.  The  Characeae  of  Nebraska.  6:  149-171. 

Daily,  Fay  Kenoyer.   1945.  The  Characeae  of  Indiana:  A  preliminary  report.  7:  124-132. 

Daily,  Fay  Kenoyer.   1946.  Species  of  Tolypella  in  Nebraska.  8:  1 13-1 17. 

Daily,  Fay  Kenoyer.   1948.  Nitella  capillata  A.  Br.  in  North  Carolina.  8:  123-125. 

Daily,  Fay  Kenoyer.   1949.  Chara  kieneri,  a  new  species  from  Nebraska.  9:  127-130. 

Daily,  Fay  Kenoyer.  1950.  Nitella  spanioclema  Groves  &  Bullock- Webster  var.  nidifica 
var.  nov.,  from  Alabama.  9:  270-272. 

Daily,  Fay  Kenoyer.   1950.  Tolypella  prolifera  Leonh.  in  Indiana.  9:  273-276. 

Daily,  Fay  Kenoyer.  1952.  Cladophora  balls  collected  in  Steuben  County,  Indiana.  10: 
141-143. 

Daily,  Fay  Kenoyer.   1953.  The  Characeae  of  Indiana.  11:  5-49. 

Daily,  Fay  Kenoyer.  1954.  A  rare  Tolypella  new  to  the  United  States  of  America.  11: 
144-148. 

Daily,  Fay  Kenoyer.  1961.  Glacial  and  post-glacial  Charophytes  from  New  York  and  In- 
diana. 14(1):  39-71. 

Daily,  Fay  Kenoyer  and  Walter  Kiener.  1956.  The  Characeae  of  Nebraska — additions 
and  changes.  13:  36-46. 

Daily,  Fay  Kenoyer  and  C.L.  Porter.  1961.  A  key  and  annotations  for  some  Characeae 
collected  in  Wyoming.  14  (1):  29-37. 

Daily,  William  Allen.  1938.  A  quantitative  study  of  the  phytoplankton  of  Lake  Michigan 
collected  in  the  vicinity  of  Evanston,  Illinois.  4:  65-83. 

Daily,  William  A.  1943.  First  reports  for  the  algae  Borzia,  Aulosira  and  Asterocytis  in 
Indiana.  6:  84-86. 

Daily,  William  A.  1945.  Additions  to  the  filamentous  Myxophyceae  of  Indiana,  Ken- 
tucky and  Ohio.  7:  132-139. 

Daily,  William  A.   1946.  Notes  on  the  algae,  I,  II.  8:  1 18-120. 

Daily,  William  A.   1946.  Notes  on  algae,  III.  8:  121-122. 

Daily,  William  A.   1956.  Notes  on  the  algae  —  IV.  13:  47-48. 

Daily,  William  A.  and  Jack  McCormick.  1952.  The  phytoplankton  of  the  J.W.  Frisz  Me- 
morial Lagoon,  Shades  State  Park  (Indiana).  10:  218-219. 

Daily,  William  A.  and  J.M.  McGuire.  1954.  Preservation  of  some  algal  cultures  by  lyo- 
philization.  11:  139-143. 

Daily,  William  A.  and  Everett  E.  Miner.  1953.  The  phytoplankton  of  Lake  Wawasee, 
Kosciusko  County,  Indiana.  11:  91-99. 


12  Botany:  Dolan  Vol.  101  (1992) 


Damann,  Kenneth  E.  1941.  Quantitative  study  of  the  phytoplankton  of  Lake  Michigan  at 
Evanston,  Illinois.  5:  27-44. 

Daubenmire,  Rexford  F.  1930.  The  relation  of  certain  ecological  factors  to  the  inhibition 
of  forest  floor  herbs  under  hemlock.  1:  61-76. 

Daubenmire,  Rexford  F.  1931.  The  acid  ranges  of  some  spring-flowering  herbs  with  ref- 
erence to  variations  in  floral  color.  2:  25-28. 

Daubenmire,  Rexford  F.  1931.  Factors  favoring  the  persistence  of  a  relic  association  of 
eastern  hemlock  in  Indiana.  2:  29-32. 

Daubenmire,  R.  1954.  Alpine  timberlines  in  the  Americas  and  their  interpretation.  11: 
119-136. 

Drouet,  Francis  and  William  A.  Daily.  1952.  A  synopsis  of  the  coccoid  Myxophyceae. 
10:  220-223. 

Drouet,  Francis  and  William  A.  Daily.  1956.  Revision  of  the  coccoid  Myxophyceae.  12: 
1-218. 

Ek,  Charles  M.  and  Ray  C.  Friesner.  1944.  Correlation  of  microclimatic  factors  with  spe- 
cies distribution  in  Shenk's  Woods,  Horward  County,  Indiana.  6:  87-101. 

Emboden,  William  A.,  Jr.  1961.  A  preliminary  study  of  the  crossing  relationships  of  Cap- 
sicum baccatum.  14  (1):  1-5. 

Esten,  Mabel  M.  1932.  A  statistical  study  of  a  beech-maple  association  at  Turkey  Run 
State  Park,  Parke  County,  Indiana.  2:  183-201. 

Esten,  Mabel  M.  and  Albert  G.  Dannin.  1950.  Chlorophyll  therapy  and  its  relation  to 
pathogenic  bacteria.  9:  212-217. 

Finley,  Dean  and  John  E.  Potzger.  1952.  Characteristics  of  the  original  vegetation  in  some 
prairie  counties  of  Indiana.  10:  114-118. 

Fischer,  George  W.  1930.  A  study  of  fruit  diseases  occurring  in  a  mid- western  market.  1: 
105-128. 

Fischer,  George  W.  1945.  The  stem  smuts  of  Stipa  and  Oryzopsis  in  North  America.  7: 
25-39. 

Friesner,  Ray  C.   1929.  The  genus  Trillium  in  Indiana.  1:  29-40. 

Friesner,  Ray  C.   1929.  Key  to  genera  of  ferns  and  fern  allies.  1:  55-60. 

Friesner,  Ray  C.  1930.  Chromosome  numbers  in  ten  species  of  Quercus  with  some  re- 
marks on  the  contributions  of  cytology  to  taxonomy.  1:  77-104. 

Friesner,  Ray  C.   1930.  A  microtome  knife  cooler.  1:  176. 

Friesner,  Ray  C.   1933.  The  genus  Solidago  in  northeastern  North  America.  3:  1-64. 

Friesner,  Ray  C.  1940.  Key  to  species  and  varieties  of  ferns  and  fern  allies  of  northeast- 
ern North  American.  4:  141-162. 

Friesner,  Ray  C.  1940.  Some  necessary  nomenclatorial  changes  in  the  genus  Solidago.  4: 
196. 

Friesner,  Ray  C.  1940.  A  study  of  asymmetrical  growth  from  stump  sections  of  Quercus 
velutina.  4:  197-206. 

Friesner,  Ray  C.  1940.  An  observation  on  the  effectiveness  of  root  pressure  in  the  ascent 
of  sap.  4:  226. 

Friesner,  Ray  C.  1941.  A  preliminary  study  of  growth  in  beech,  Fagus  grandifolia,  by 
the  dendrographic  method.  5:  85-94. 

Friesner,  Ray  C.  1941.  Nomenclatorial  changes  in  the  genus  Solidago  —  corrections.  5: 
113. 

Friesner,  Ray  C.   1942.  Vertical  growth  in  four  species  of  pines  in  Indiana.  5:  145-159. 

Friesner,  Ray  C.   1942.  Dendrometer  studies  on  five  species  of  broadleaf  trees  in  Indiana. 


Vol.  101  (1992)  Indiana  Academy  of  Science  13 


5:  160-172. 

Friesner,  Ray  C.  1943.  Correlation  of  elongation  in  primary,  secondary  and  tertiary  axes 
of  Pinus  strobus  and  P.  resinosa.  6:  1-9. 

Friesner,  Ray  C.   1943.  Two  Solidago  hybrids  worthy  of  names.  6:  81-83. 

Friesner,  Ray  C.   1949.  Two  new  entities  in  the  genus  Solidago.  9:  124-126. 

Friesner,  Ray  C.  1950.  Growth-rainfall  trend  co-efficients  shown  by  six  species  of  hard- 
woods in  Brown  County,  Indiana.  9:  159-166. 

Friesner,  Ray  C.  1952.  The  pioneer  period  in  the  study  of  Indiana  vascular  flora.  10:  144- 
152. 

Friesner,  Ray  C.   1953.  Rafinesque  and  the  taxonomy  of  Indiana  vascular  plants.  11:  1-4. 

Friesner,  Ray  C.  and  Gladys  M.  Friesner.  1941 .  Relation  of  annual  ring  formation  to  rainfall 
as  illustrated  in  six  species  of  trees  from  Marshall  County,  Indiana.  5:  95-112. 

Friesner,  Ray  C.  and  J.  Johanna  Jones.  1952.  Correlation  of  elongation  in  primary  and 
secondary  branches  of  Pinus  resinosa.  10:  119-128. 

Friesner,  Ray  C,  Arnold  Kleine,  and  John  E.  Potzger.  1936.  The  effect  of  precipitation 
and  temperature  on  annular-ring  growth  in  four  species  of  Quercus.  3:  199-206. 

Friesner,  Ray  C.  and  John  E.  Potzger.  1932.  Studies  in  forest  ecology.  I.  Factors  con- 
cerned in  hemlock  reproduction  in  Indiana.  2:  133-144. 

Friesner,  Ray  C.  and  John  E.  Potzger.  1932.  Studies  in  forest  ecology.  II.  The  ecological 
significance  of  Tsuga  canadensis  in  Indiana.  2:  145-150. 

Friesner,  Ray  C.  and  J.E.  Potzger.  1933.  Climax  conditions  and  the  ecological  status  of 
Pinus  strobus,  Taxus  canadensis  and  Tsuga  canadensis  in  the  Pine  Hills  region  of  In- 
diana. 3:  65-83. 

Friesner,  Ray  C.  and  J.E.  Potzger.  1934.  Some  comparisons  between  virgin  forest  and 
adjacent  areas  of  secondary  succession.  3:  85-98. 

Friesner,  Ray  C.  and  John  E.  Potzger.  1936.  Soil  moisture  and  the  nature  of  the  Tsuga 
and  Tsuga-Pinus  forest  associations  in  Indiana.  3:  206-209. 

Friesner,  Ray  C.  and  J.E.  Potzger.  1937.  Contrasts  in  certain  physical  factors  in  Fagus- 
Acer  and  Quercus-Carya  communities  in  Brown  and  Bartholomew  Counties,  Indiana. 
4:  1-12. 

Friesner,  Ray  C.  and  J.E.  Potzger.  1940.  What  is  climax  in  central  Indiana?  A  five-mile 
quadrat  study.  4:  181-195. 

Friesner,  Ray  C.  and  J.E.  Potzger.  1940.  A  phytosociological  study  of  the  herbaceous 
plants  in  two  types  of  forests  in  central  Indiana.  4:  163-180. 

Friesner,  Ray  C.  and  J.E.  Potzger.  1943.  An  ecological  survey  of  Berkey  Woods:  A  rem- 
nant of  forest  primeval  in  Kosciusko  County,  Indiana.  6:  10-16. 

Friesner,  Ray  C.  and  J.E.  Potzger.  1944.  Survival  of  hemlock  seedlings  in  a  relict  colony 
under  forest  conditions.  6:  102-115. 

Friesner,  Ray  C.  and  John  E.  Potzger.  1946.  The  Cabin  Creek  Raised  Bog,  Randolph 
County,  Indiana.  8:  24-43. 

Friesner,  Ray  C.  and  John  E.  Potzger.  1948.  Forests  of  the  past  along  the  coast  of  south- 
ern Maine.  8:  178-203. 

Friesner,  Ray  C.  and  Gershom  Walden.  1946.  A  five-year  dendrometer  record  in  two 
trees  of  Pinus  strobus.  8:  1-23. 

Friesner,  Ray  C,  J.E.  Potzger,  and  Carl  Keller.  1942.  Phytosociology  of  the  Cox  Woods: 
A  remnant  of  forest  primeval  in  Orange  County,  Indiana.  5:  190-221. 

Geisler,  Florence.  1931.  Chromosome  numbers  in  certain  species  of  Helianthus.  2:  53- 
64. 


14  Botany:  Dolan  Vol.  101  (1992) 


Geisler,  Florence.  1935.  A  new  method  for  separation  of  fossil  pollen  from  peat.  3:  141- 
146. 

Geisler,  Florence.   1945.  A  pollen  study  of  thirty-two  species  of  grasses.  7:  65-73. 

Gillum,  Alice  Jeanne.  1951.  The  effects  of  large  amounts  of  certain  vitamins  of  the  B 
group  on  the  growth  rate  and  morphology  of  certain  bacteria.  10:  29-39. 

Griffin,  Agatha.  1935.  The  effect  of  interrupted  translocation  upon  loss  of  chlorophyll  in 
leaves  during  autumn  coloration.  3:  129-137. 

Griffin,  Agatha.  1935.  Some  notes  on  anthocyanin  formation  in  leaves  with  cut  veins.  3: 
139-140. 

Griffin,  Charles  D.  1948.  A  study  of  abundance  of  stems  per  acre  in  relation  to  age  of 
stand.  8:  219-232. 

Griffin,  Charles  D.  1950.  A  pollen  profile  from  Reed  Bog,  Randolph  County,  Indiana.  9: 
131-139. 

Griffin,  Charles  Donald.  1951.  Pollen  analysis  of  a  peat  deposit  in  Livingston  County, 
Illinois.  10:  90-100. 

Guennel,  G.K.   1950.  History  of  forests  in  the  glacial  Lake  Chicago  area.  9:  140-158. 

Guennel,  G.K.  1954.  An  interesting  megaspore  species  found  in  Indiana  block  coal.  11: 
169-178. 

Guss,  Joanna  C.  1942.  The  origin  of  the  flora  of  the  Chestnut  Oak  Upland  region  of  Indi- 
ana. 5:  117-133. 

Hall,  Marion  T.   1961.  Notes  on  cultivated  junipers.  14  (1):  73-90. 

Hall,  Marion  T.  and  Claudia  J.  Carr.  1964.  Differential  selection  in  juniper  populations 
from  Baum  Limestone  and  Trinity  Sand  of  southern  Oklahoma.  14  (2):  21-40. 

Hall,  Marion  T.,  J.F.  McCormick,  and  George  G.  Fogg.  1961.  Hybridization  between 
Juniperus  ashei  Buchholz  and  Juniperus  pinchoti  Sudworth  in  southwestern  Texas. 
14(1):  9-28. 

Hamp,  Frank  A.   1940.  A  fossil  pollen  study  of  two  northern  Indiana  bogs.  4:  217-225. 

Harmon,  Matthew  H.  1942.  A  study  of  some  growth  factors  affecting  asymmetrical  growth 
in  trees.  5:  134-144. 

Harris,  William  E.  1953.  Effect  of  five  antibiotics  in  varying  concentrations  on  growth  of 
young  corn  plants.  11:  71-86. 

Higinbotham,  Noe  L.  1936.  The  chromosome  relations  of  Solidago  rigida  and  a  giant 
mutation.  3:  173-176. 

Higinbotham,  N.  and  Betty  Wilson  Higinbotham.  1954.  Quantitative  relationships  of  ter- 
restrial mosses  with  some  coniferous  forests  at  Mt.  Rainier  National  Park.  11:  149- 
168. 

Hill,  Charles  F.  1948.  A  direct  microscopic  study  of  the  effect  of  temperature  on  bacterial 
count  in  milk.  8:  139-152. 

Holmes,  Donald  H.  1950.  A  comparison  of  the  total  bacterial  counts  of  raw  and  pasteur- 
ized milk.  9:  197-202. 

Holmes,  Donald  H.  1956.  The  effects  of  various  physical  and  chemical  agents  on  a  Sta- 
phylococcus bacteriophage.  13:  49-65. 

Howell,  John  W.  1938.  A  fossil  pollen  study  of  Kokomo  Bog,  Howard  County,  Indiana. 
4:  117-127. 

Hupp,  Eugene  R.  1943.  Plankton  and  its  relation  to  chemical  factors  and  environment  in 
White  River  Canal,  Indianapolis,  Indiana.  6:  30-53. 

Jones,  J.  Johanna.  1952.  A  survey  of  fifteen  forest  stands  in  the  Early  Wisconsin  drift 
plain  of  Indiana.  10:  182-204. 


Vol.  101  (1992)  Indiana  Academy  of  Science  15 


Jones,  J.  Johanna.   1954.  Dr.  Friesner,  botanist-teacher  (including  bibliography).  1 1:  103- 

111. 
Keller,  Carl  O.   1943.  A  comparative  study  of  three  Indiana  bogs.  6:  65-80. 
Keller,  Carl  O.  1945.  A  quadrat  study  of  Meltzer  Woods,  Shelby  County,  Indiana.  7:  140- 

154. 
Keller,  Carl  O.   1946.  An  ecological  study  of  the  Klein  Woods,  Jennings  County,  Indiana. 

8:  64-81. 
Keller,  Carl  O.   1950.  The  genus  Liatris  in  Indiana.  9:  218-226. 
Kenoyer,  E.  Fay.  1936.  Modification  of  vascular  tissue  in  midvein  of  Quercus  alba  leaves 

induced  by  gall  development  of  Cynips  pezomachoides  erinacei.  3:  177-190. 
Kent,  Robert  L.   1948.  Antibiotic  behavior  patterns  of  living  cultures  of  Pseudomonas.  8: 

204-218. 
Kiener,  Walter.    1944.  Notes  on  distribution  and  bio-ecology  of  Characeae  in  Nebraska. 

6:  131-148. 
Lamerson,  Virginia.   1950.  Coastal  plains  flora  in  Indiana  botanical  areas.  9:  188-196. 
Lawlis,  John  F.,  Jr.    1952.   The  effect  of  certain  bacteria  on  the  growth  of  Trichomonas 

vaginalis  in  vitro.  10:  153-170. 
Lee,  Mordie  B.   1945.  An  ecological  study  of  the  floodplain  forest  along  the  White  River 

system  in  Indiana.  7:  155-175. 
LeFave,  Gene  M.  and  Bruce  Skiles.  1952.  The  efficacy  of  certain  substituted  phenols  and 

their  salts  as  fungicidal  agents.  10:  101-107. 
Lentz,  Paul.   1941.  Molds  found  in  Indianapolis  markets.  5:  58-66. 
Lindsey,  Alva  J.   1932.  The  trees  of  Indiana  in  their  local  and  general  distribution  accord- 
ing to  physiographic  divisions.  2:  93-124. 
Lindsey,  Alva  J.    1932.   The  Merrillville  white  pine  (Pinus  strobus)  bog,  Lake  County, 

Indiana.  2:  167-178. 
Lindsey,  Alva  J.    1932.   Preliminary  fossil  pollen  analysis  of  the  Merrillville  white  pine 

bog.  2:  179-182. 
Lipscomb,  Robert  G.   A  study  of  winter  diatoms  (Bacillariophyceae)  flora  in  Fall  Creek, 

Indiana.  14  (2):  41-53. 
Malott,  Jeanne  A.    1949.    Soil  reactions  of  the  Pteridophytes  of  the  Megunticook  Lake 

region  near  Camden,  Maine.  9:  93-107. 
Manning,  Howard  E.  1950.  The  effect  of  anthocyanin  filters  on  plant  behavior  and  devel- 
opment. 9:  203-211. 
McCormick,  Jack.    1952.   The  flora  of  Shades  State  Park  (Indiana)  and  the  geographical 

distribution  of  the  species.  10:  171-181. 
McQueeney,  Carl  R.    1950.   An  ecological  study  of  the  relationship  between  direction  of 

slope,  elevation  and  forest  cover  in  Brown  County,  Indiana.  9:  239-269. 
Miller,  Chester  W.   1950.  The  effect  of  precipitation  on  annular-ring  growth  in  three  spe- 
cies of  trees  from  Brown  County,  Indiana.  9:  167-175. 
Miller,  Chester  W.   1951.  Growth  data  from  sections  of  Acer  saccharum.  10:  12-19. 
Miller,  Walter  A.   1949.  Molds  on  vegetables  in  Indianapolis  retail  markets.  9:  88-92. 
Mindach,  Fred  C.    1949.   Antibiotic  producing  organisms  isolated  from  the  White  River 

Canal,  Indianapolis,  Indiana.  9:  21-42. 
Morris,  Mabel  Grace.    1946.    A  study  of  bacteria  found  in  the  distribution  system  of  a 

water  plant.  8:82-100. 
Moss,  Byron  W.   1940.  A  comparative  pollen  analysis  of  two  bogs  within  the  boundaries 

of  the  Late  Wisconsin  glaciation  in  Indiana.  4:  207-216. 


16  Botany:  Dolan  Vol.  101  (1992) 


Motley,  Jerry  Anne.   1949.  Correlation  of  elongation  in  White  and  Red  Pine.  9:  1-8. 

Nickell,  Walter  P.  1958.  Variations  in  engineering  features  of  the  nests  of  several  species 
of  birds  in  relation  to  nest  sites  and  nesting  materials.  13:  121-140. 

Oliver,  John  L.  1951.  Forest  succession  in  the  Valparaiso  and  Packerton  Moraines  in  In- 
diana. 10:  20-28. 

O'Neill,  Thomas  W.  1958.  A  simplified  medium  for  use  in  tissue  cultivation  of  Poliomy- 
elitis virus.  13:  161-178. 

Otto,  James  H.  1938.  Forest  succession  in  the  southern  limits  of  Early  Wisconsin  glacia- 
tion  as  indicated  by  a  pollen  spectrum  from  Bacon's  Swamp,  Marion  County,  Indi- 
ana. 4:  93-116. 

Palmer,  C.  Mervin.  1931.  Algae  of  Marion  County,  Indiana,  a  description  of  thirty-two 
forms.  2:  1-24. 

Palmer,  C.  Mervin.  1932.  Plankton  algae  of  White  River  in  Marion  County  and  Morgan 
County,  Indiana.  2:  125-132. 

Palmer,  C.  Mervin.   1934.  Algae  of  Steuben  County,  Indiana.  3:  102-103. 

Palmer,  C.  Mervin.  1941.  A  study  of  Lemanea  in  Indiana  with  notes  on  its  distribution  in 
North  America.  5:  1-26. 

Palmer,  C.  Mervin.  1942.  Lemanea  herbarium  packets  containing  more  than  one  species. 
5:  222-223. 

Palmer,  C.  Mervin.  1942.  Additional  records  for  algae,  including  some  of  the  less  com- 
mon forms.  5:  224-234. 

Palmer,  C.  Mervin.  1945.  A  preliminary  study  of  Lemanea  in  western  North  America.  7: 
176-181. 

Palmer,  C.  Mervin.   1950.  Phycologists  of  India.  9:  235-238. 

Palmer,  C.  Mervin  and  Thomas  E.  Maloney.  1953.  The  use  of  algal  cultures  in  experi- 
ments concerned  with  water  supply  problems.  11:  87-90. 

Parker,  Dorothy.  1932.  General  distribution  of  the  species  of  Aster  found  in  Indiana.  2: 
65-80. 

Parker,  Dorothy.  1945.  Plant  succession  at  Long  Pond,  Long  Island,  New  York.  7:  74-88. 

Parker,  Dorothy.   1954.  Hepaticae  from  the  Federal  District,  Mexico.  I.  11:  137-138. 

Parker,  Leander  C.  1946.  A  comparative  study  of  the  bacterial  count  of  vanilla  and  choco- 
late ice  cream  from  two  Indianapolis  producers.  8:  101-11 2. 

Pelton,  Jeanette  S.  1954.  Expression  of  the  gene  dl  in  the  scutellum  of  maize.  11:  192- 
198. 

Pelton,  Jeanette  S.  1956.  Expression  of  the  gene  d  in  the  first  three  leaves  of  Zea  mays  L. 
13:  66-73. 

Pelton,  Jeanette  S.  1958.  Growth  responses  of  alpine  Potentilla  diver sifolia  and  Achillea 
lanulosa  to  gibberellic  acid.  13:  215-218. 

Pelton,  John  F.  1953.  Relationship  of  certain  vegetative  characteristics  of  Stipa  spartea  to 
survival  from  defoliation.  1 1 :  60-70. 

Pelton,  John.  1956.  A  study  of  seed  dormancy  in  eighteen  species  of  high  altitude  Colo- 
rado plants.  13:  74-84. 

Pelton,  John.   1964.  A  survey  of  the  ecology  of  Tecoma  stans.  14  (2):  53-88. 

Phillips,  Alice.  1929.  Life  forms  and  biological  spectra  of  the  flora  of  Bacon's  Swamp, 
Indiana.  1:  41-54. 

Potzger,  Esther  W.  and  John  E.  Potzger.  1948.  Progress  in  succession  in  the  Pennington 
grove  of  Pinus  virginiana.  8:  153-160. 

Potzger,  John  E.   1943.  Pollen  study  of  five  bogs  in  Price  and  Sawyer  Counties,  Wiscon- 


Vol.  101  (1992)  Indiana  Academy  of  Science  17 


sin.  6:  54-64. 

Potzger,  John  E.  1944.  The  vegetation  of  Round  Island  (Straits  of  Mackinac),  Michigan. 
6:  116-122. 

Potzger,  John  E.  1944.  Pollen  frequency  of  Abies  and  Picea  in  peat:  A  correction  on 
some  published  records  from  Indiana  bogs  and  lakes.  6:  123-130. 

Potzger,  John  E.   1945.  A  quarter  century  of  botany  at  Butler  University.  7:  1-10. 

Potzger,  John  E.  1945.  The  Pine  Barrens  of  New  Jersey:  A  refugium  during  Pleistocene 
times.  7:  182-196. 

Potzger,  John  E.  1948.  A  pollen  study  in  the  tension  zone  of  Lower  Michigan.  8:  161- 
177. 

Potzger,  John  E.  1954.  Post- Algonquin  and  post-Nipissing  forest  history  of  Isle  Roy  ale, 
Michigan.  11:  199-209. 

Potzger,  John  E.   1956.  Bibliography  of  scientific  papers.  13:  6-11. 

Potzger,  John  E.  and  Albert  Courtemanche.  1956.  Pollen  study  in  the  Gatineau  Valley, 
Quebec.  13:  12-23. 

Potzger,  John  E.,  Albert  Courtemanche,  Br.  M.  Sylvio,  and  Francis  Hueber.  1956.  Pollen 
from  moss  polsters  on  the  mat  of  Lac  Shaw  Bog,  Quebec,  correlated  with  a  forest  sur- 
vey. 13:  24-35. 

Potzger,  John  E.  and  Carl  O.  Keller.  1952.  The  beech  line  in  northwestern  Indiana.  10: 
108-113. 

Potzger,  John  E.  and  A.N.  Liming.  1953.  Secondary  succession  in  stands  of  red  maple- 
sweet  gum-beech  forests  in  Ripley  County,  Indiana.  11:  50-59. 

Potzger,  John  E.  and  Ruth  Rebekah  Richards.  1942.  Forest  succession  in  the  Trout  Lake, 
Vilas  County,  Wisconsin  area:  A  pollen  study.  5:  179-189. 

Potzger,  John  E.,  Margaret  E.  Potzger,  and  Jack  McCormick.  1956.  The  forest  primeval 
of  Indiana  as  recorded  in  the  original  U.S.  Land  Surveys  and  an  evaluation  of  previ- 
ous interpretations  of  Indiana  vegetation.  13:  95-1 1 1. 

Prettyman,  Robert  L.  1937.  Fossil  pollen  analysis  of  Fox  Prairie  Bog,  Hamiliton  County, 
Indiana.  4:  33-42. 

Reimer,  Charles  W.  1949.  Growth  correlations  in  five  species  of  deciduous  trees.  9:  43- 
59. 

Reimer,  Charles  W.  1954.  Re-evaluation  of  the  diatom  species  Nitzschia  frustulum  (Kutz.) 
Grun.  11:  178-191. 

Reynolds,  William  and  John  E.  Potzger.  1951.  Distribution  of  Quercus  mithlenbergii  in 
Indiana.  10:71-79. 

Richards,  Ruth  Rebekah.  1938.  A  pollen  profile  of  Otterbein  Bog,  Warren  County,  Indi- 
ana. 4:  128-140. 

Rohr,  Fred  W.  and  John  E.  Potzger.  1951.  Forest  and  prairie  in  three  northwestern  Indi- 
ana counties.  10:  61-70. 

Ross,  Mildred  I.  1951.  Pinus  virginiana  in  the  forest  primeval  of  five  southern  Indiana 
counties.  10:  80-89. 

Scott,  Frances  I.  1950.  Polyploidy  among  plant  species  extraneous  in  Indiana.  9:  176- 
187. 

Secor,  Jack  B.  1949.  A  comparative  ecological  study  of  two  forest  stands  in  the  Illinoian 
Drift  Plain  area  of  southern  Indiana.  9:  60-79. 

Secor,  Jack  B.  1949.  An  ecological  survey  of  the  Crawford  Woods,  Clark  County,  Indi- 
ana. 9:  80-87. 

Smith,  William  M.   1937.  Pollen  spectrum  of  Lake  Cicott  Bog,  Cass  County,  Indiana.  4: 


18  Botany:  Dolan  Vol.  101  (1992) 


43-54. 
Smolelis,  Albin  N.  1943.  A  study  of  the  effect  of  plant  operations  upon  the  bacterial  count 

of  milk.  6:  17-29. 
Stanley,  Ina.    1938.    A  comparison  of  market  milk  from  ten  Indianapolis  companies  by 

use  of  the  direct  microscopic  method  of  analysis.  4:  85-92. 
Stanley,  Oran  B.   1931.  Fat  deposits  in  certain  Ericaceae.  2:  33-44. 
Stearns,  Forest.  1956.  Forest  communities  in  Versailles  State  Park,  Indiana.  13:  85-94. 
Streightoff,  Frank.   1958.  Erythromycin,  studies  of  its  mode  of  action.  13:  179-214. 
Swickard,  Dayton  A.    1941.   Comparison  of  pollen  spectra  from  bogs  of  Early  and  Late 

Wisconsin  glaciation  in  Indiana.  5:  67-84. 
Tan,  Wee  Chong  and  Bernard  Malin.    1964.   Biosynthesis  of  glutamic  acid.  14  (2):  89- 

104. 
Trefz,  Lettie  Page.    1935.    The  shrubs  of  Indiana  in  their  local  and  general  distribution 

according  to  physiographic  divisions.  3:  105-128. 
Trotter,  Charles  L.  1952.  A  five-acre  forest  survey  at  Shades  State  Park  (Indiana).  A  study 

of  sampling  methods.  10:  205-217. 
Wade,  George  W.    1941.   The  direct  microscopic  analysis  of  milk  over  a  period  of  one 

year  from  three  creameries  serving  Indianapolis.  5:  45-57. 
Wallace,  John  H.  and  Ruth  Patrick.    1950.    A  consideration  of  Gomphonema  parvulum 

Kutz.  9:  227-234. 
Weaver,  Jack  R.   1948.  Fossil  diatoms  from  Lakeville  Bog,  Indiana.  8:  126-138. 
Webster,  Rex  Nathaniel.    1958.    The  life  history  of  the  freshwater  red  alga  Tuomeya 

fluviatilis  Harv .  13:  141-160. 
Webster,  Rex  N.   1961.  The  genus  Sphaerellopsis  in  Indiana.  14  (1):  7-8. 
Welch,  Winona  H.   1964.  Algae  previously  unpublished  for  Panama.  14  (2):  105. 
Wilson,  Betty  L.    1936.   A  bryocenological  study  of  some  epiphytic  mosses  of  a  central 

Indiana  woods.  3:  149-172. 
Withrow,  Alice  Phillips.  1945.  Interrelationship  of  nitrogen  and  photoperiod  on  the  flow- 
ering, growth,  and  stem  anatomy  of  certain  long  day  and  short  day  plants.  7:  40-64. 

ACKNOWLEDGMENTS 

Special  thanks  go  to  Butler  freshman  Jennifer  Copeland,  who  typed  the  index,  and  to 
my  invaluable  assistant  Nancy  V.  Andrew  for  her  careful  proof-reading.  Partial  support 
for  this  project  was  provided  by  a  Program  Grant  from  Holcomb  Research  Institute,  Butler 
University. 

LITERATURE  CITED 

Dolan,  R.  W.  1991.  The  Friesner  Herbarium  (BUT)  of  Butler  University.  Britonnia  43:  54-56. 


Proceedings  of  the  Indiana  Academy  of  Science  \  9 

(1992)  Volume  101  p.  19-32 
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ABSTRACT:  Cyclosporine  A  (CsA)  is  a  widely  used  immunosuppressive  drug  which  has  novel, 
but  poorly  understood,  effects  on  the  immune  system.  Substantial  evidence  exists  that  CsA  prefer- 
entially acts  by  impairing  T  cell  lymphokine  production,  but  evidence  also  exists  that  cyclosporine 
may  affect  B  cells  and  other  antigen-presenting  cells  as  well.  In  this  study,  the  effect  CsA  has  on 
the  primary  in  vitro  antibody  response  of  different  populations  of  mouse  lymphocytes  toward  SRBC, 
a  T-dependent  antigen,  was  examined.  At  physiologically  achievable  levels,  CsA  inhibited  antibody 
plaque  formation  of  naive  splenocytes  or  naive  T  and  B  cell  mixtures,  when  added  to  cultures  on 
day  0,  1,  and  2  following  antigenic  stimulation,  but  not  on  day  3.  Lymphocytes  from  animals 
prestimulated  with  sub-immunogenic  doses  of  SRBC  could  be  inhibited  completely  by  CsA  only  on 
day  0  of  culture.  Mixed  cell  cultures  of  enriched  B  and  T  cells  stimulated  to  give  a  higher  PFC 
response  by  the  addition  of  T  cell  lymphokines  can  still  be  completely  inhibited  by  CsA.  B  cells 
stimulated  to  produce  anti-SRBC  antibodies  by  T  cell  replacing  factors  also  appear  to  be  highly 
sensitive  to  CsA  induced  inhibition  through  day  2  of  culture.  These  findings  suggest  that 
cyclosporine  has  direct  inhibitory  effects  on  lymphocytes,  including  B  cells,  aside  from,  or  in  addi- 
tion to,  a  reduction  of  lymphokine  production. 

INTRODUCTION 

Cyclosporine  A  (CsA)  is  a  relatively  new  immunosuppressive  cyclic  polypeptide,  which 
has  been  used  successfully  to  prolong  allograft  survival  and  which  has  shown  remarkable 
promise  in  the  treatment  of  autoimmune-related  diseases,  such  as  diabetes  and  uveitis  (Stiller, 
et  al,  1984;  Nussenblatt,  et  al,  1982).  Experimentally,  when  CsA  is  given  to  a  mouse  at 
the  time  of  antigen  challenge,  a  significant  inhibition  of  the  antibody  response  occurs  in 
vivo  to  antigens  such  as  sheep  red  blood  cells  (SRBC)  or  the  induction  of  cytolytic  T  cell 
activity  in  response  to  alloantigens  (Shevach,  1985).  Although  many  investigations  have 
led  to  a  better  understanding  of  the  mechanism  of  action  of  CsA,  significant  questions  re- 
main concerning  the  drug's  immunosuppressive  or  immunomodulatory  effects.  CsA  ap- 
pears to  affect  an  early  step  in  T  lymphocyte  activation  by  blocking  the  transcription  of 
IL-2  mRNA,  by  blocking  expression  of  IL-2  receptors  on  certain  T^ j^,  and  by  inhibiting 
production  of  IFN-y  (Kronke,  et  al,  1984;  Lillenhoj,  et  al,  1984;  Thomson,  1983).  Al- 
though there  is  some  controversy  about  the  roles  and  relative  importance  of  the  multiple, 
pleiotropic  interleukins,  including  IL-2,  in  the  antibody  response  (O'Garra,  et  al,  1988; 
Tigges,  et  al,  1989),  interference  with  IL-2  production  and  possibly  other  lymphokines  is 
probably  the  primary  reason  for  suppressed  antibody  production  following  CsA  treatment 
(Borel  and  Gunn,  1986).  Although  helper  T  cells  seem  to  be  an  important  target  of  CsA 
action,  some  experimental  evidence  exists  which  suggests  that  other  cells,  including  anti- 
gen presenting  cells  (APC),  such  as  macrophages  and  B  cells,  may  also  be  directly  inhib- 
ited by  CsA  (Manca,  et  al,  1985;  Paavonen  and  Hayry,  1980;  Furue  and  Katz,  1988).  Some 
investigators  have  suggested  that  different  subsets  of  B  cells  exist,  which  are  differentially 
sensitive  to  CsA,  or  that  two  distinct  mechanisms  for  triggering  B  cells  are  operating,  one 
which  is  CsA  sensitive  and  another  which  is  CsA  resistant  (Klaus  and  Kunkl,  1983; 
Muraguchi,  et  al,  1983;  Gorelick,  et  al,  1987).  Originally,  work  with  cyclosporine  in  vivo 


20  Cell  Biology:  Behforouz,  Storhoff,  Schilke  Vol.  101  (1992) 


seemed  to  suggest  that  thymus  dependent  B  cells  as  well  as  those  B  cells  responding  to  T- 
independent- 1  antigens  (TI-1)  were  CsA  resistant  (Klaus  and  Kunkl,  1983).  These  inves- 
tigators also  reported  that  CsA  preferentially  blocked  the  activation  of  B  cells  responding 
to  T-independent-2  antigens  (TI-2).  Recently,  B  cells  that  respond  to  anti-(i  antibodies  or 
calcium  ionophores  were  also  shown  to  be  exquisitely  sensitive  to  CsA.  Their  response  to 
phorbol  esters  was  not  affected  (Shevach,  1985;  Klaus,  et  al,  1985).  Although  both  mu- 
rine and  human  B  cells,  which  respond  to  several  polyclonal  activators  including  anti-ji, 
appear  to  be  cyclosporine  sensitive,  it  has  not  yet  been  shown  directly  that  B  cells  partici- 
pating in  a  T-dependent  response  to  a  specific  antigen  in  vitro  are  affected  by  cyclosporine 
inhibition. 

In  the  present  study,  a  primary  in  vitro  plaque-forming  response  to  SRBC  was  used  as 
a  model  to  establish  the  sensitivity  of  a  T-dependent  antibody  response  to  CsA  and  to  es- 
tablish whether  or  not  the  CsA-induced  inhibition  of  an  antibody  response  to  a  foreign  an- 
tigen may  be  due,  at  least  in  part,  to  the  direct  effect  of  the  drug  on  B  cells. 

MATERIALS  AND  METHODS 

Animals.  BALB/c  mice  were  bred  and  maintained  in  the  Ball  State  University  Biol- 
ogy Department's  animal  facilities.  Mice  of  either  sex  from  3  to  6  months  of  age  were 
used  for  the  experiments. 

Antigen.  Sheep  red  blood  cells  (SRBC)  from  a  single  animal  were  obtained  from  the 
Colorado  Serum  Company  (Denver,  CO). 

Reagents.  CsA,  obtained  from  Sandoz  Corporation  (East  Hanover,  NJ),  was  dissolved 
in  95%  ethanol  (13%),  Tween  80  (7%),  and  saline  at  a  concentration  of  5  mg/ml.  This 
stock  solution  was  further  diluted  in  RPMI  1640  medium  to  25  |ig/ml  and  filter  sterilized 
before  addition  to  spleen  cell  cultures.  Rabbit  Low-Tox  complement  (C)  was  obtained  from 
Cedarlane  Laboratories  (Westbury,  NJ),  and  Concanavalin  A  (Con  A)  type  IV  was  obtained 
from  Sigma  Chemical  Company  (St.  Louis,  MO).  Monoclonal  anti-Thy  1.2,  anti-Ly  1.2, 
and  anti-Ly  2.2  were  generously  provided  by  Dr.  F.W.  Shen  (Memorial  Sloan  Kettering 
Cancer  Center,  New  York,  NY),  and  goat  anti-mouse  immunoglobulin  was  kindly  provided 
by  Dr.  Jan  Cerny  (University  of  Texas  Medical  Branch,  Galveston,  TX).  DTAF 
(fluoroscein)-conjugated  affinity  purified  F(ab1)2  fragment  rabbit  anti-mouse  Ig  was  obtained 
from  Pel-freez  (Rogers,  AR).  A  nutritive  cocktail  made  of  1%  Eagle's  essential  amino  ac- 
ids, 5%  Eagle's  non-essential  amino  acids,  5%  L-glutamine,  and  1%  dextrose  in  HBSS  (pH 
7.2)  mixed  at  a  2:1  ratio  with  fetal  calf  serum  (FCS)  was  added  daily  to  the  lymphocyte 
cultures  (see  Mishell  and  Dutton,  1967). 

Preparation  of  spleen  cell  and  lymphocyte  subpopulations.  Spleens  were  removed 
either  from  naive  animals  or  from  those  which  had  been  injected  three  days  earlier  with 
0.2  ml  of  a  0.1%  SRBC  suspension  in  saline.  This  dose  of  SRBC  was  shown  to  be  sub- 
immunogenic;  i.e.,  not  capable  of  inducing  PFC  in  the  spleens  of  animals  5  days  post-in- 
jection. The  spleens  from  at  least  three  animals  were  disrupted  between  two  ground-glass 
slides  and  were  pooled  for  all  studies.  The  cell  suspension  was  washed  twice  in  Hanks 
balanced  salt  solution  (HBSS)  plus  1%  FCS.  Before  in  vitro  culture,  the  cells  were  diluted 
to  the  appropriate  concentration  in  RPMI  1640  medium  (Sigma  Chemical  Company,  St. 
Louis,  MO)  supplemented  with  10%  FCS,  100  ug/ml  streptomycin,  100  units/ml  penicillin, 
2  mM  glutamine,  25  mM  Hepes  buffer,  and  5  X  10"5M  2-mercapto  ethanol.  All  other  cul- 
tures were  performed  in  the  same  complete  medium. 

A  T-cell-enriched  population  was  prepared  by  adding  spleen  cells  in  Dulbecco's  PBS 
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Figure  1.  Splenocytes  are  inhibited  by  CsA  in  a  dose-dependent  manner  in  an  in  vitro 
antibody  response.  Spleen  cells  from  naive  mice  were  cultured  at  a  concentration  of  1  x 
106  cells/well  in  the  presence  of  SRBC  and  increasing  amounts  of  CsA  or  corresponding 
amounts  of  medium  to  which  the  drug  diluent  had  been  added.  On  day  5,  triplicate  wells 
were  pooled  and  assayed  in  triplicate.  The  results  are  shown  as  the  average  PFC  per  well 
for  each  experimental  culture  condition  ±SEM.  Any  data  bar  shown  without  a  standard 
error  bar  represents  an  average  PFC  per  culture  <  5  with  a  standard  error  <  5. 
*  p  <  0.001  compared  with  culture  without  CsA. 


(DPBS)  plus  5%  FCS  to  plastic  petri  dishes  coated  with  goat  anti-mouse  immunoglobulin 
and  harvesting  the  nonadherent  fraction  after  70  minutes  at  4°  C  (Wysocki  and  Sato,  1978). 
Enriched  populations  of  B  cells  were  made  by  treating  normal  spleen  cells  with  anti-Thy 
1.2  plus  C  (Eardley,  et  ah,  1978).  This  B  cell  enriched  population  was  found  to  contain  > 
94%  Ig  positive  cells  by  direct  immunofluorescent  staining  with  fluoroscein  conjugated 
anti-mouse  Ig.  To  prepare  an  even  more  highly  purified,  positively  selected  B  cell-popula- 
tion, normal  spleen  cells  were  added  to  plastic  petri  dishes  coated  with  goat  anti-mouse 
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Table  1 .  Temporal  sensitivity  of  naive  or  primed  splenocytes  to  Cs  A  inhibition  in  the  PFC 
response.3 

Responders  Hour  of  Addition 

(Percent  Inhibition  Induced  by  Added  CsAb) 
1 24  48         72 

Naive  splenocytes 

1  ug/ml  CsA  >  99*        >  99*  45*  0 

2  ug/ml  CsA  >99*         >  99*  69*         15 
Primed  splenocytes 

1  jiig/ml  CsA  >  99*  0  0  0 

2|Ltg/mlCsA  >99*  27  0  0 

a  Spleen  cells  from  naive  or  primed  animals  were  cultured  at  1.5  X  106  per  well  in  the 
presence  of  SRBC.  CsA  at  1  ug/ml  or  2  ug/ml  was  added  within  1  hour  of  culture  or  24, 
48,  or  72  hours  later  to  duplicate  sets  of  triplicate  wells.  On  day  5,  the  triplicate  wells 
were  pooled  and  assayed  for  PFC  in  triplicate  windows  of  Cunningham  slides.  The  av- 
erage PFC/culture  well  for  each  culture  condition  was  then  determined.  The  mean  levels 
of  PFC  ±  SEM  in  control  cultures  without  CsA  were  250  ±30  for  naive  spleen  cells  and 
400  ±25  for  primed  spleen  cells. 

b  Percent  inhibition  of  PFC  was  calculated  according  to  the  following  formula: 

PFC  in  control  cultures  -  PFC  in  experimental  cultures    x  iqq 
PFC  in  control  cultures 

*  Significant  suppression  (p  <  0.001). 

Fab.  After  removing  the  nonadherent  fraction,  5  ml  of  DPBS  +  1%  FCS  were  added  to 
each  plate,  and  the  plates  were  allowed  to  rock  gently  at  37°  C  for  30  minutes.  Any  re- 
maining adherent  cells  were  then  gently  removed  from  the  plates  by  pipetting  with  a  Pasteur 
pipet.  These  cells  were  pelleted  by  centrifugation  and  treated  with  an  anti-T  cell  cocktail, 
consisting  of  anti-Ly  1.2,  anti-Ly  2.2,  and  anti-Thy  1.2  plus  complement.  The  resulting  cells 
were  washed  thoroughly  in  HBSS  and  resuspended  in  complete  medium  before  culture. 
This  purified  B  cell  population  was  found  to  be  >  98%  Ig  positive. 

Assay  Cultures.  The  ability  of  whole  spleen  or  selected  subpopulations  to  produce 
antibody-forming  cells  in  vitro  was  assessed  by  culturing  the  cells  in  complete  culture  me- 
dium with  or  without  additives  for  five  days  in  the  presence  of  washed  SRBC.  The  cells 
were  cultured  in  a  total  volume  of  ca.  0.2  ml  in  Falcon  3040  flat-bottom  microtiter  trays  in 
a  humidified  5%  C02  incubator  at  37°  C.  Before  incubation,  20  ul  of  a  1%  suspension  of 
SRBC  and  40  jllI  of  the  nutritive  cocktail  were  added  to  each  well.  For  three  days  follow- 
ing culture,  nutritive  cocktail  in  the  amounts  of  20  ul,  10  ul,  and  10  ul,  respectively,  was 
added  to  each  well.   A  diluted  solution  of  CsA  was  added  to  some  of  the  wells  either  on 
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Figure  2.  Inhibition  of  the  in  vitro  plaque-forming  responses  by  CsA  in  B/T  cell  cultures 
occurs  during  the  first  48  hours  of  incubation.  Enriched  B  cells  were  cultured  at  a  concen- 
tration of  1.5  x  106  cells/well  along  with  5  x  105  enriched  T  cells  and  SRBC.  CsA  at  con- 
centrations of  either  lug/ml  or  2  ug/ml  was  added  to  three  sets  of  triplicate  wells  on  day  0, 
1,  2,  and  3  of  culture.  On  day  5,  the  average  number  of  PFC  per  culture  well  for  each  ex- 
perimental condition  ±SEM  was  determined  and  represented  as  described  in  Figure  1 .  The 
enriched  B  cells  did  not  produce  and  PFC  when  cultured  alone  with  SRBC  for  5  days.  The 
negtively  selected,  enriched  T  cells  produced  only  16  ±  19  PFC/culture,  when  alone  at  1.5 
x  lOVwell. 
*p  <  0.001  compared  with  control  cultures  without  CsA. 


the  day  of  culture  (day  0)  or  on  subsequent  days  before  harvest.  As  appropriate,  a  lym- 
phokine-rich  supernatant  was  also  added  to  some  culture  wells  on  day  0.  Normally,  at 
least  six  or  more  culture  wells  were  established  for  each  culture  condition.  On  day  5,  the 
number  of  IgM  producing  plaque-forming  cells  (PFC)  to  SRBC  per  culture  was  determined 
(see  Cunningham  and  Szenberg,  1968). 

Lymphokine  Rich  Medium.  Spleen  cells  from  Sprague-Dawley  CD  rats  were  col- 
lected, washed,  and  suspended  in  culture  medium  without  mercaptoethanol  at  a  concentra- 
tion of  5  X  106/ml  in  the  presence  of  5  |ig/ml  of  Con  A.  These  cells  were  incubated  in  250 
ml  cultures  in  a  5%  C02  incubator  at  37°  C.  After  48  hours,  the  suspension  was  centri- 
fuged,  and  the  supernatant  was  collected.  Alpha  methyl-mannoside  (Sigma)  was  added  to 
the  conditioned  medium  at  a  final  concentration  of  0.05  M  before  filter  sterilization  to  re- 
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Figure  3.  CsA  completely  inhibits  the  PFC  response  of  B/T  cell  cultures  even  in  the  pres- 
ence of  enhancing  lymphokines.  Enriched  B  cells  were  cultured  at  a  concentration  of  1.5 
x  106  cells/well  along  with  5  x  105  enriched  T  cells  and  SRBC.  To  some  culture  wells 
either  12%  CM-1  (Con  A  supernatants)  or  12%  CM-1  supernatants  plus  CsA  were  added 
to  duplicate  sets  of  triplicate  wells  before  incubation  of  the  cultures.  On  day  5,  the  aver- 
age numbers  of  PFC  ±  SEM  per  culture  were  determined  and  represented  as  described  in 
Figure  1.  Neither  the  enriched  B  cells  nor  T  cells  produced  PFC,  when  cultured  alone  for 
5  days. 
*  p  <  0.001  compared  with  B/T  cultures  without  CsA  and  Con  A  supernatant. 


move  residual  Con  A.  Aliquots  were  frozen  at  -20°  C  until  use.  The  Con  A  stimulated 
supernatant  (conditioned  medium,  CM-1)  prepared  as  above  was  found  to  contain  substantial 
amounts  of  IL-2  as  determined  by  its  ability  to  support  the  proliferation  of  the  IL-2  depen- 
dent cytotoxic  line  CTLL-2  (Gillis,  etai,  1978).  These  supernatants  presumably  contained 
several  other  T  cell  lymphokines,  but  no  determination  was  made  for  any  other  T  cell  prod- 
ucts affecting  B  cells. 

Statistical  analysis.  The  statistical  significance  of  differences  in  PFC  responses  be- 
tween experimental  and  control  cultures  was  determined  by  the  student's  t-test.  Ap  value 
of  less  than  0.001  was  considered  to  be  significant.  All  experiments  were  repeated  two  to 
three  times  with  similar  results,  and  only  representative  data  are  presented. 
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Figure  4.  B  cells  are  inhibited  by  CsA  in  a  dose-dependent  manner  in  an  in  vitro  antibody 
response.  Purified  B  cells  were  cultured  at  a  concentration  of  1.2  x  106  cells/well  along 
with  25%  CM-1  and  SRBC.  Increasing  amounts  of  CsA  were  added  to  some  culture  wells, 
while  others  received  appropriate  amounts  of  diluent  alone.  Triplicate  triplicates  of  each 
culture  condition  were  established  and  cultured  for  five  days.  After  incubation,  triplicate 
wells  were  pooled  and  assayed  in  triplicate.  The  results  are  shown  as  the  average  PFC  per 
well  for  each  experimental  condition  ±  SEM.  B  cells  cultured  without  addition  of  condi- 
tioned medium  produced  no  PFC. 
*  p<  0.001  compared  to  culture  without  CsA. 


RESULTS 


Dose-dependent  inhibition  of  the  in  vitro  anti-SRBC  plaque-forming  response  by 

CsA.  To  determine  whether  CsA  affected  the  ability  of  lymphocytes  to  respond  to  an  an- 
tigen in  an  in  vitro  antibody  response,  splenocytes  from  naive  mice  were  cultured  in  the 
presence  of  SRBC  and  increasing  amounts  of  CsA  or  diluent  from  the  beginning  of  the 
culture  period.  Following  a  five  day  incubation,  the  number  of  anti-SRBC  PFC  formed 
was  found  to  be  inhibited  in  a  dose-dependent  manner  with  greater  than  ninety-five  per- 
cent inhibition  at  all  concentrations  of  CsA  at  or  over  0.5  ug/ml  (Fig.  1).  Because  serum 
levels  over  1  ug/ml  are  found  to  be  effectively  immunosuppressive  in  mice  (Attridge,  et 
ah,  1982;  Borel,  1988),  the  in  vitro  dose  of  1  ug/ml  or  2  ug/ml  CsA  was  used  in  most  sub- 
sequent experiments. 

Sensitivity  of  naive  or  primed  splenocytes  to  CsA  inhibition  over  time  in  the  PFC 
response.  In  order  to  address  the  question  of  whether  lymphocytes  are  sensitive  to  CsA 
throughout  the  sensitization  and  differentiation  period  of  the  PFC  culture,  naive  Balb/c 
splenocytes  were  exposed  to  SRBC  on  day  0  of  culture  and  CsA  (1  ug/ml)  was  added  to 
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Figure  5.  Purified  B  cells  are  sensitive  to  CsA-induced  inhibition  during  the  first  48  hours 
of  culture.  Purified  B  cells  were  cultured  at  a  concentration  of  1.5  x  106  cells/well  along 
with  20%  CM-1  and  SRBC.  CsA  at  concentrations  of  either  1  |ig/ml  or  2  |J-g/ml  was  added 
to  three  sets  of  triplicate  wells  on  day  0,  1,2,  and  3  of  culture.  On  day  5,  the  average 
number  of  PFC  per  culture  well  for  each  experimental  condition  ±  SEM  was  determined 
and  represented  as  described  in  Figure  1.  The  purified  B  cells  did  not  produce  any  PFC, 
when  cultured  without  the  addition  of  CM- 1 . 
*  p  <  0.001  compared  with  control  cultures  without  CsA. 


the  cultures  either  on  day  0,  1,  2,  or  3  before  harvest  on  day  5.  Inhibition  of  the  PFC  re- 
sponse was  virtually  complete,  when  the  drug  was  added  during  the  first  24  hours,  and 
only  partially  complete,  when  the  drug  was  added  after  48  hours  (Table  1).  A  dose  of  1  ug/ 
ml  appeared  to  be  less  suppressive  at  48  hours  (45%)  than  did  a  dose  of  2  |Ltg/ml  (69%). 
When  added  on  day  3  (72  hrs  after  initiation  of  the  culture),  CsA  had  no  effect  on  PFC 
formation  and,  in  some  experiments,  even  appeared  to  enhance  numbers  of  PFC.  In  order 
to  assess  the  CsA  sensitivity  of  splenocytes  primed  to  SRBC  in  vivo,  spleen  cells  of  mice 
injected  three  days  before  sacrifice  with  a  sub-immunogenic  dose  of  SRBC  were  cultured 
together  with  additional  SRBC  in  the  standard  PFC  culture  system.  Again,  CsA  was  added 
on  day  0,  1,  2  and  3  of  culture.  In  this  case,  the  in  vivo  antigen-primed  splenocytes  were 
sensitive  to  CsA-induced  inhibition  only  when  added  simultaneously  with  the  antigen  on 
day  0  (Table  1).  In  these  cultures,  no  statistically  significant  inhibition  of  the  five  day  PFC 
response  was  observed,when  the  CsA  was  added  at  any  time  following  the  initiation  of  the 
culture. 

Sensitivity  of  mixed  B  and  T  cell  cultures  to  CsA  inhibition  in  the  PFC  response. 
In  order  to  assess  the  sensitivity  of  mixed  populations  of  naive  T  and  B  cells  toward  CsA, 
enriched  B  cells  plus  enriched  T  cells  were  cultured  together  at  a  ratio  of  3:1  with  antigen. 
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CsA  was  added  at  various  time  intervals  following  initiation  of  culture  (Fig.  2).  Although 
neither  the  B  cell  nor  T  cell  populations  alone  were  capable  of  mounting  a  significant  anti- 
SRBC  PFC  response,  the  mixed  culture  produced  large  numbers  of  PFC.  This  PFC  re- 
sponse was  inhibited  almost  completely  by  both  1  fig/ml  and  2  (ig/ml  CsA  added  immedi- 
ately or  up  to  48  hours  after  initiation  of  culture.  By  72  hours  into  the  culture  period,  the 
PFC  response  was  completely  refractory  to  inhibition  induced  by  1  (ig/ml  CsA.  The  larger 
dose  of  2  jt/g/ml  was  able  to  induce  significant  suppression  in  these  72-hour  cultures  (62%). 

Sensitivity  of  mixed  B  and  T  cell  cultures  to  CsA  in  the  presence  of  T  cell  lym- 
phokines.  Because  IL-2  production  has  been  shown  to  be  inhibited  by  CsA  (Shevach, 
1985),  an  attempt  was  made  to  bypass  this  effect  of  the  drug  on  T  cells  by  supplying  the 
mixed  B  and  T  cell  cultures  with  exogenous  IL-2  in  supernatants  from  Con  A  stimulated 
rat  splenocytes  (CM-1).  These  supernatants  contained  significant  levels  of  IL-2  as  mea- 
sured by  their  ability  to  maintain  the  growth  of  the  IL-2  dependent  CTLL-2  T  cell  line 
(data  not  shown).  The  IL-2  rich  CM-1  was  added  either  with  or  without  CsA  to  mixed 
cultures  of  B  and  T  cells  on  the  first  day  of  culture  with  SRBC.  Although  the  addition  of 
12%  CM-1  alone  resulted  in  a  significant  enhancement  of  the  PFC  response,  the  simulta- 
neous addition  of  CsA  completely  inhibited  in  vitro  PFC  production  (Fig.  3). 

Sensitivity  of  B  cells  stimulated  with  antigens  and  lymphokines  to  CsA.  To  evaluate 
the  effect  of  cyclosporine  on  B  cells  in  the  absence  of  T  cells,  positively  selected,  highly 
purified  B  cells  were  cultured  with  antigen  plus  lymphokine  rich  supernatants  in  the  pres- 
ence of  increasing  doses  of  CsA.  Although  these  B  cells  alone  in  the  presence  of  antigen 
were  unable  to  produce  PFCs,  the  addition  of  25%  CM-1  containing  T  cell  replacing  fac- 
tors enabled  the  antigen  stimulated  B  cells  to  become  antibody  forming  cells  (Fig.  4).  The 
addition  of  CsA  at  concentrations  between  250  ng/ml  and  2000  ng/ml  on  day  0  of  culture, 
however,  completely  inhibited  the  plaque  forming  ability  of  the  antigen-lymphokine  stimu- 
lated B  cells.  A  concentration  as  low  as  60  ng/ml  still  inhibited  the  B  cells  by  75%.  In 
order  to  assess  whether  or  not  the  CsA-induced  inhibition  of  B  cells  followed  the  same 
temporal  pattern  of  sensitivity  that  was  observed  in  cultures  containing  both  T  and  B  cells, 
CsA  was  added  to  the  positively-selected,  purified  B  cells  upon  initiation  of  the  cultures  or 
at  24,  48,  or  72  hours  of  the  culture  period.  The  pattern  of  inhibition  observed  repeatedly 
in  these  cultures  was  very  similar  to  that  seen  in  the  whole  spleen  or  B  and  T  cell  cultures. 
A  representative  experiment  is  shown  in  Figure  5.  Nearly  complete  inhibition  of  the  B 
cell  response  occurred  when  CsA  was  added  at  the  time  of  culture  or  24  hours  later,  and 
partial  inhibition  was  observed  at  48  hours.  In  this  experiment,  adding  CsA  at  72  hours 
appeared  to  somewhat  enhance  the  PFC-forming  ability  of  the  purified  B  cells.  In  general, 
in  all  primary  cultures  tested,  CsA-induced  inhibition  of  the  PFC  response  was  nearly  100% 
through  the  first  24  hours  of  culture.  The  level  of  inhibition  at  48  hours  was  more  variable 
from  experiment  to  experiment,  ranging  from  approximately  30%  to  80%.  Addition  of 
CsA  on  day  3  resulted  in  even  more  variable  results,  giving  either  mild  suppression,  no 
effect,  or  enhancement. 

DISCUSSION 

The  in  vivo  antibody  response  to  T-dependent  antigens  has  been  found  to  be  exquis- 
itely sensitive  to  cyclosporine  A,  particularly  in  the  early,  sensitization  phase  of  a  primary 
response  (Thomson,  1983;  Borel,  et  al,  1976).  In  this  study,  the  effects  of  CsA  in  B  cells 
in  an  in  vitro  plaque-forming  cell  response  of  murine  splenocytes  to  the  T-dependent  anti- 
gen, sheep  red  blood  cells,  was  examined.   Some  of  the  drug-induced  inhibition  was  ap- 
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parently  due  to  direct  inhibition  of  B  cells,  independent  of  CsA  effects  on  lymphokine  pro- 
duction of  T  cells. 

Cyclosporine-induced  inhibition  of  the  in  vitro  PFC  response  to  SRBC  was  found  to 
parallel  the  pattern  of  inhibition  observed  in  vivo.  CsA  inhibited  the  formation  of  anti- 
body-forming cells  in  a  dose  dependent  manner,  when  added  at  physiologically  relevant 
levels  upon  initiation  of  the  culture.  Murine  blood  levels  of  1-3  |Lig/ml  CsA  can  be  readily 
achieved  and  are  successful  in  suppressing  graft  rejection  and  other  immune  reactions 
(Manca,  etal,  1985;  Attridge,  et  al,  1982;  Borel,  1988;  Halloran,  et  al,  1988).  Although 
this  level  is  a  physiological  concentration  that  corresponds  to  blood  peak  levels,  this  level 
is  likely  to  persist  much  longer  in  the  lymphatic  organs  as  well  as  other  sites  (Borel,  1988). 
In  our  experimental  system,  a  concentration  of  0.125  |ig/ml  CsA  caused  about  50%  inhibi- 
tion of  the  PFC  response,  when  added  at  the  time  of  culture,  and  the  PFC  response  of  na- 
ive splenocytes  was  completely  inhibited  at  both  1  |ig/ml  and  2  jig/ml.  The  ability  of  CsA 
to  inhibit  the  antibody  response  to  an  antigen,  however,  diminished  over  time.  Although 
CsA  added  24  hours  following  initiation  of  the  culture  was  still  highly  immunosuppres- 
sive beyond  24  hours,  the  responding  lymphocytes  become  increasingly  more  refractory 
to  CsA-induced  inhibition.  Paavonen,  et  al.  (1981)  obtained  similar  results,  when  human 
blood  leukocytes  were  exposed  to  the  mitogens,  PWM  or  protein  A  of  Staphylococcus 
aureus  Cowan  and  CsA.  Non-toxic  levels  of  CsA  were  effective  in  inhibiting  the  prolif- 
erative response,  intracellular  Ig  synthesis,  and  the  release  of  Ig,  if  present  throughout  the 
6-day  culture  period.  If  added  on  day  2,  however,  the  inhibitory  effect  was  partial;  on  day 
4,  no  inhibitory  effect  was  observed.  The  temporal  sensitivity  of  immune  cells  toward  CsA 
both  in  vitro  and  in  vivo  has  been  observed  in  several  other  systems,  and,  in  general,  im- 
mune responses  are  more  strongly  inhibited,  when  the  drug  is  administered  shortly  before, 
during,  or  after  exposure  to  an  antigen  or  other  stimulus  (Thomson,  1983).  The  present 
study  demonstrates  that  the  in  vitro  antibody  response  to  the  antigen  SRBC  shows  a  pat- 
tern of  temporal  sensitivity  to  CsA  very  similar  to  that  observed  in  other  systems,  whereby 
the  drug  appears  to  affect  an  early  stage  of  lymphocyte  activation.  Furthermore,  the  in- 
hibitory effect  of  CsA  on  antigen-stimulated  lymphocytes  is  not  simply  a  toxic  one,  since 
no  inhibition  of  PFC  numbers  was  seen  when  CsA  was  added  on  the  third  day  of  culture, 
and  the  cells  were  harvested  two  days  later.  This  observation  was  further  substantiated  by 
the  finding  that  lymphocytes  taken  from  animals  primed  three  days  earlier  with  a  very  low, 
sub-immunogenic  dose  of  SRBC  were  not  sensitive  to  in  vitro  CsA-induced  immunosup- 
pression, when  added  at  any  time  other  than  day  0.  Not  only  does  this  result  indicate  that 
CsA  is  non-toxic  in  vitro,  but  it  also  indicates  that  at  least  some  of  the  early,  CsA-sensi- 
tive,  activation  steps  had  occurred  in  vivo  following  SRBC  priming  and  before  re-expo- 
sure to  antigen  and  CsA  in  vitro. 

Enriched  B  and  T  cells  cultured  at  a  3:1  ratio  and  stimulated  with  SRBC  were  inhib- 
ited by  the  addition  of  CsA  in  a  pattern  similar  to  that  of  whole  splenocyte  cultures.  Again, 
complete  inhibition  was  observed  when  CsA  was  added  during  the  first  24  hours.  A  more 
profound  inhibition  occurred  when  the  drug  was  added  at  48  hours  than  was  observed  in 
the  whole  splenocyte  culture. 

CsA  may  mediate  immunosuppression  of  the  antibody  response  to  T-dependent  anti- 
gens primarily  through  an  inhibition  of  T  cell  activation,  either  through  inhibition  of  IL-2 
production  or  IL-2  responsiveness  of  the  T  cell.  Although  the  susceptibilty  of  T  cells  to 
CsA  seems  clear,  the  reported  ability  of  the  drug  to  inhibit  B  cells  has  been  more  contro- 
versial. The  B  cell  response  to  certain  activation  stimuli,  such  as  LPS,  appears  to  be  drug 
resistant,  whereas  activation  by  other  stimuli  appears  to  be  sensitive  (Lillhoj,  et  al,  1984; 
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Shevach,  1985;  Kunkl  and  Klaus,  1980;  White,  et  al,  1979).  Klaus  and  Kunkle  (1983) 
claimed  that  B  cells  responding  to  T-dependent  antigens  were  not  sensitive  to  CsA  and 
that  inhibition  of  antibody  responses  was  due  to  the  loss  of  T  cell  help.  This  study  shows, 
however,  that  IL-2  rich  supernatants  of  concanavalin  A  stimulated  rat  spleen  are  unable  to 
alleviate,  even  partially,  the  immunosuppression  induced  by  CsA  in  the  mixed  B/T  lym- 
phocyte cultures  even  though  the  added  lymphokines  significantly  increased  the  total  PFC 
capacity  of  the  cultured  cells. 

Indeed,  B  cells  alone,  in  the  presence  of  Con  A-induced  T  cell  lymphokines,  are  highly 
sensitive  to  CsA.  Positively  selected,  highly  purified  B  cell  cultures  (98%  Ig+)  supplied 
with  lymphokine-rich  supernatants  and  antigen  were  capable  of  producing  large  numbers 
of  PFC  toward  SRBC,  but  this  capacity  was  severely  inhibited  in  the  presence  of  even  very 
low  doses  of  CsA.  Thus,  although  CsA  may  prevent  antigen-activated  T  cells  from  pro- 
ducing 11-2  and  other  lymphokines  on  which  B  cells  are  dependent,  the  results  discussed 
here  indicate  that  SRBC-activated  B  cells  are  themselves  highly  sensitive  to  CsA.  In  this 
system,  B  cells  alone  are  apparently  slightly  more  sensitive  to  CsA  than  whole  splenocyte 
cultures.  Whereas  125  ng/ml  CsA  inhibited  the  splenocytes  by  50%,  the  same  concentra- 
tion of  CsA  inhibited  the  lymphokine-antigen  stimulated  B  cells  by  over  90%.  The  tem- 
poral pattern  of  inhibition  in  the  B  cell  plus  lymphokine  cultures  was  very  similar  to  that 
observed  in  the  mixed  B  and  T  cell  culture.  Dongworth  and  Klaus  (1982)  also  found  that 
the  proliferative  response  to  anti-(i  stimulated  murine  B  cells  could  still  be  inhibited  sig- 
nificantly by  CsA  even  after  48  hours  in  culture.  In  later  studies,  small,  resting  murine  B 
cells  stimulated  with  anti-|J.  plus  B  cell  stimulatory  factor  (IL-4)  to  proliferate  were  also 
shown  to  be  sensitive  to  the  drug,  whereas  induction  of  la  expression  on  the  same  cells  by 
this  T  cell  factor  was  CsA  resistant  (O'Gara,  et  al,  1986).  Muraguchi,  et  ah  (1983)  also 
reported  that  human  B  lymphocytes  stimulated  with  anti-|n  appear  to  be  similarly  sensitive 
to  CsA-induced  inhibition,  although  significant  inhibition  only  occurred  during  the  first 
twenty-four  hours  of  culture.  Indeed,  these  investigators  reported  that  human  B  cells  treated 
with  low  doses  of  anti-ji  were  unable  to  proliferate  in  the  presence  of  CsA  for  the  first  24 
hours  of  culture  in  the  presence  of  the  T  cell  lymphokine,  B  cell  growth  factor  (BCGF). 
Our  findings,  using  non-mitogenic,  antigen  specific  stimulation  of  B  cells  to  produce  anti- 
body, confirm  the  results  of  other  investigators,  who  used  agents  that  polyclonally  activate 
cells  through  the  B  cell  antigen  receptor.  In  contrast,  the  activation  of  B  cells  by  mitoge- 
nic  T  independent- 1  (TI-1)  antigens  is  apparently  not  particularly  susceptible  to  inhibition 
by  CsA,  possibly  because  these  activators  override  or  bypass  the  CsA  sensitive  step(s)  in 
the  B  cell  activation  process  (Shevach,  1985).  Originally,  the  failure  of  CsA  to  induce 
inhibition  in  nude  mice  stimulated  to  produce  antibody  against  LPS,  a  potent  polyclonal  B 
cell  activator,  was  taken  as  evidence  that  B  cells  were  not  sensitive  to  CsA  (Borel,  et  al, 
1977).  Apparently,  naive  murine  B  cells  responding  to  a  T-dependent  antigen  are  highly 
sensitive  to  CsA,  and  perhaps  even  for  a  longer  period  than  T  cells.  Mitogen-stimulated  T 
cells  are  sensitive  to  CsA-induced  inhibition  only  during  the  first  few  hours  after  exposure 
to  either  Con  A  or  PHA  (Kay  and  Benzie,  1983).  Of  course,  T  cells,  like  B  cells  stimu- 
lated with  Ag,  may  be  sensitive  for  a  longer  period  than  those  stimulated  with  powerful, 
polyclonal  activators.  Unexpectedly,  in  a  number  of  experiments,  significant  enhancement 
of  the  PFC  response  was  observed,  when  CsA  was  added  on  the  third  day  of  culture. 
Cyclosporine  has  also  been  observed  to  enhance  in  vitro  CTL  activity,  when  added  late  to 
already  activated  killer  T  cells  (Hess,  1985).  CsA  has  also  been  shown  to  have  an  im- 
mune enhancing  effect  in  vivo  by  several  investigators,  when  administered  over  a  brief  pe- 
riod around  the  time  of  immunization  (Klaus  and  Kunkl,  1983;  Behforouz,  et  al,  1986; 
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Thomson,  et  ah,  1983;  Korczek,  et  al,  1986).  The  mechanism  of  CsA-induced  enhance- 
ment is  unclear  but  may  be  an  important  physiological  effect  of  this  drug.  CsA  may  oper- 
ate as  an  immunomodulatory  rather  than  strictly  as  an  immunosuppressive  drug.  In  the  B 
cell,  the  early  uptake  of  CsA  may  interfere  with  the  differentiation  of  the  Ag  stimulated  B 
cell  on  its  way  to  immunoglobulin  synthesis  by  a  yet  unknown  mechanism  (Borel  and  Gunn, 
1986).  Although  the  present  investigation  was  confined  to  the  study  of  an  in  vitro  anti- 
body response  to  only  one  T-dependent  Ag,  SRBC,  for  at  least  this  antigen,  B  cells  are 
highly  sensitive  to  CsA-induced  inhibition  for  a  period  extending  through  the  first  48  hours 
of  culture,  independent  of  any  inhibition  which  might  be  exerted  on  the  T  cell.  CsA-in- 
duced inhibition  of  naive  B  cells  may  actually  be  more  the  rule  rather  than  the  exception, 
and  the  T-independent  mitogenic  antigens,  which  stimulate  B  cells  in  the  presence  of  CsA, 
may  simply  bypass  the  early,  CsA-sensitive  sequence  of  events,  which  must  occur  in  B 
cells  activated  by  non-mitogenic  antigens.  The  in  vitro  model  presented  here  provides  an 
additional  system  in  which  the  entire  mechanism  of  CsA  immunosuppressive  action  may 
be  investigated  more  closely  and,  perhaps,  an  aid  in  our  understanding  of  early  B  cell  acti- 
vation by  antigen. 
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SEASONAL  POPULATION  VARIATION  AND 
EMERGENCE  PATTERNS  IN  THE  EVENING  BAT, 
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ABSTRACT:  Information  on  seasonal  population  levels  and  emergence  patterns  of  the  evening 
bat,  Nycticeius  humeralis,  was  collected  at  a  maternity  colony  in  the  belfry  attic  of  Briley  Chapel 
Church  in  Clay  County,  Indiana.  Female  evening  bats  were  present  from  early  May  through  the 
end  of  October,  with  peak  population  numbers  occurring  after  parturition  in  mid-June.  A  popula- 
tion decline  occurred  in  1990,  possibly  due  to  disturbance  of  the  colony  by  banding  operations. 
Emergence  for  foraging  became  progressively  later  each  month  relative  to  sunset  and  was  signifi- 
cantly later  on  days  of  heavy  overcast  than  on  clear  days.  Attic  temperatures  below  13.0°  C  sig- 
nificantly decreased  the  foraging  activity  of  evening  bats. 

INTRODUCTION 

The  evening  bat,  Nycticeius  humeralis,  is  listed  as  endangered  in  Indiana  and  has  never 
been  abundant  in  the  State.  The  only  known  active  maternity  colony  of  evening  bats  in 
Indiana  is  located  in  a  tiny  (1  m  sq)  attic,  directly  above  the  belfry  of  Briley  Chapel  Church 
in  Clay  County,  Indiana  (Figure  1).  Briley  Chapel  is  surrounded  by  large  agricultural  fields 
punctuated  by  small  (0.5  ha  to  2.5  ha)  woodlots.  The  principle  crop  is  corn,  but  other  fields 
are  in  soybeans  and  pasture.  Numerous  small  water  impoundments  are  found  in  the  area. 
The  Eel  River  flows  generally  north  to  south  about  1 .5  km  east  of  the  church,  flanked  by  a 
rich  bottomland.  Numerous  buildings,  such  as  houses,  churches,  and  barns,  are  found  within 
the  observed  foraging  areas  of  Nycticeius  and  provide  seemingly  suitable  locations  for  other 
colonies.  The  nearest  known  bat  colony  (Myotis  lucifugus)  is  approximately  4  km  east  of 
Briley  Chapel  Church  in  a  barn. 

The  colony  was  first  located  in  July  1987  by  J.O.  Whitaker,  Jr.  (Whitaker  and  Gammon, 
1988).  The  attic  is  a  small  pyramidal  structure,  containing  a  colony  of  200  to  450  adult 
female  and  young  bats  during  the  summer.  Bats  gain  access  to  the  roost  through  3  small 
(ca.  3x8  cm)  openings  on  the  north,  east,  and  south  sides  at  the  peak  of  the  roof  directly 
under  the  weathervane.  Other  than  1  flight  count  taken  on  27  July  1987  by  Whitaker 
(Whitaker  and  Gammon,  1988),  no  studies  of  this  colony  were  started  until  28  July  1988, 
at  which  time  regular  evening  flight  counts  commenced.  The  purpose  of  this  study  was  to 
gather  information  on  the  yearly  population  cycle  of  a  maternity  colony  and  to  note  sea- 
sonal changes  in  the  emergence  patterns  of  the  bats  in  relation  to  sunset  and  temperature. 

MATERIALS  AND  METHODS 

Data  on  seasonal  variation  in  colony  size  and  emergence  time  were  gathered  by  direct 
observation  of  the  bats  as  they  emerged  for  nightly  foraging.    Visual  observations  were 
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Figure  1.  Location  of  the  maternity  colony  and  temporary  roost  in  Briley  Chapel  Church, 
Clay  County,  Indiana. 

made  from  the  northeast  corner  of  the  church,  where  an  unobstructed  view  of  the  exits 
was  available  (Figure  1).  Flight  counts  for  1989  and  1990  began  prior  to  arrival  of  the 
bats  in  spring  and  continued  until  examination  of  the  attic  confirmed  that  bats  were  no  longer 
present  in  the  autumn.  Exit  counts  were  considered  complete  enumerations,  because  the 
limited  space  through  which  the  bats  were  forced  to  leave  and  the  proximity  of  the  open- 
ings to  each  other  made  it  highly  unlikely  that  any  would  be  missed. 

Nightly  flight  counts  began  upon  emergence  of  the  first  bat  and  continued  for  30  min- 
utes or  until  all  bats  had  exited  from  the  colony,  whichever  came  first.  Flight  counts  were 
conducted  at  least  one  night  per  week  but  usually  2  to  3  nights  per  week  beginning  on  28 
July  1988  and  continuing  until  mid-November,  after  which  time,  no  bats  were  noted.  (Col- 
lecting dates  reportedly  range  from  8  April  to  15  November  (Mumford  and  Cope,  1964).) 

During  the  1988  season,  access  to  the  inside  of  the  attic  was  limited  to  the  3  exit  holes 
used  by  the  bats  at  the  base  of  the  weather  vane,  and  a  small  (10x10  cm)  hole  in  the  floor 
of  the  attic.  On  18  February  1989,  an  opening  of  approximately  0.5  m  sq  was  made  in  the 
floor  of  the  attic.  This  opening  was  covered  with  a  sheet  of  plywood  and  held  in  place  by 
metal  clips  attached  at  the  corners,  which  allowed  the  attic  to  be  sealed,  when  observations 
were  not  being  taken.  This  opening  made  it  possible  to  count  bats  from  inside,  to  deter- 
mine if  all  bats  had  left  the  colony  on  evening  foraging  flights,  to  confirm  both  arrival  and 
departure  of  the  bats  in  the  spring  and  fall,  and  to  place  a  7-day  recording  hygrothermograph 
(Friez  Instrument  Division,  Bendix  Corporation)  within  the  attic  to  gather  temperature  and 
humidity  data. 

The  hygrothermograph  was  placed  on  the  floor  of  the  attic  and  was  in  operation 
throughout  the  1989  and  1990  seasons  from  early  April  until  mid-November.  It  was  as- 
sumed that  temperature  and  humidity  would  fluctuate  relatively  little  from  the  floor  to  the 
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Figure  2.  Mean  number  of  bats  (adults  and  juveniles)  per  2-week  period  at  Briley  Chapel 
Church  for  1988,  1989,  and  1990. 

attic  peak,  because  of  the  small  size  of  the  structure. 

RESULTS  AND  DISCUSSION 


Population.  Adult  evening  bats  were  found  at  the  Briley  Chapel  Colony  from  the 
first  of  May  through  October  (Figure  2).  The  bats  were  first  noted  in  1989  on  1  May  (n  = 
12)  and  in  1990  on  27  April  (n  =  2).  The  last  date  bats  were  observed  at  the  colony  was 
15  October  (n  =  31),  3  November  (n  =  2),  and  18  October  (n  =  4)  for  1988,  1989,  and 
1990,  respectively.  Peak  pre-parturition  numbers  were  reached  during  the  last  week  of  May: 
225  in  1989  and  145  in  1990. 

The  population  declined  8.4%  in  1989  and  48.3%  in  1990  from  the  end  of  May  until 
parturition  occurred  in  mid- June.  This  decrease  prior  to  parturition  may  indicate  that  fe- 
males disperse  to  alternate  colonies  or  temporary  roosting  sites,  although  none  of  the  former 
were  found  in  the  area. 

Peak  flight  counts  were  reached  in  mid- July  as  the  young  bats  became  volant.  The 
peak  for  1989  (n  =  491)  occurred  on  20  July  and  for  1990  (n  =  244)  on  23  July.  Counts 
taken  in  1987  and  1988  indicate  a  peak  of  358  and  314,  respectively,  but  these  counts  were 
taken  later  in  the  month  and  may  have  been  made  past  the  actual  peak  time.  Data  from 
both  1989  and  1990,  when  observations  were  being  made  2  to  3  times  per  week,  indicate  a 
fairly  rapid  drop-off  in  the  number  of  volant  bats  by  the  end  of  July.  Following  the  mid- 
July  peak,  the  colony  experienced  a  gradual  decline  in  the  number  of  both  adults  and  young 
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Table  1.  Number  of  bats  (adults  and  juveniles)  at  Briley  Chapel  Church  during  1988,  1989, 
and  1990  based  on  flight  and  belfry  counts. 

MONTH  1988  1989  1990 

APRIL 

Mean 
Std.  Dev. 
Range 
n 


MAY 


Mean 
Std.  Dev. 
Range 
n 


JUNE* 


Mean 
Std.  Dev. 
Range 
n 

JULY 

Mean 
Std.  Dev. 
Range 
n 

AUGUST 

Mean 
Std.  Dev. 
Range 
n 

SEPTEMBER 

Mean 
Std.  Dev. 
Range 
n 

OCTOBER 

Mean 
Std.  Dev. 
Range 
n 


0.0 

0.4 

0.0 

0.89 

0.0 

0.0 

4 

5 

109.4 

61.7 

66.99 

42.08 

12-224 

30-145 

15 

9 

211.0 

53.8 

13.77 

36.81 

187-225 

14-112 

7 

13 

296.5 

365.4 

178.4 

24.75 

69.58 

53.43 

279-314 

251-491 

72-244 

2 

8 

12 

284.4 

302.8 

142.7 

26.86 

27.33 

45.39 

242-313 

261-335 

68-200 

5 

6 

10 

245.9 

221.4 

36.5 

49.12 

16.59 

24.96 

130-306 

200-235 

5-75 

16 

5    ■ 

12 

43.6 

48.9 

13.1 

88.63 

28.96 

12.16 

0-223 

8-85 

0-29 

6 

8 

7 

0.5 

0.0 

.00 

0.0 

0-2 

0.0 

4 

1 
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MONTH 1988 1989 1990 

NOVEMBER 

Mean 
Std.  Dev. 
Range 
n 

*  Parturition  occurred  around  12  June  in  1989  and  19  June  in  1990.  Young  become  volant 
in  18-21  days. 

throughout  August  and  September  (Table  1)  and  a  more  rapid  decline  in  October. 

The  colony  apparently  experienced  a  decline  in  1990  in  both  returning  adults  and  young 
produced  as  compared  to  previous  years.  Based  on  peak  flight  counts,  the  1990  colony 
was  only  49%  the  size  of  the  1989  colony.  The  1990  figures  also  represent  a  decline  of 
32%  from  the  1987  figures  and  23%  from  the  1988  figures,  although  these  are  minimal 
estimates,  since  the  data  from  those  years  were  probably  collected  after  the  peak  had  oc- 
curred. The  estimated  number  of  young  produced  at  the  colony  was  200  to  250  in  1989 
and  100  to  125  in  1990. 

No  obvious  reason  for  the  decline  is  apparent.  Bain  (1981)  suggested  that  excessive 
disturbance  of  a  nursery  colony  of  evening  bats  in  Florida  was  a  major  cause  of  abandon- 
ment. Watkins  (1969)  noted  that  the  abandonment  of  6  of  28  evening  bat  nursery  colonies 
in  Missouri  and  Iowa  was  evidently  due  to  human  disturbance.  Because  the  decline  in  this 
colony  was  not  evident  until  1990,  the  disturbances  from  banding  and  radiotelemetry  stud- 
ies in  1989  may  have  caused  the  population  decline. 

During  1990,  the  colony  was  completely  vacated  from  7  June  through  15  June,  after 
105  individuals  were  banded.  During  this  same  time  period,  bats  began  appearing  at  dusk 
from  beneath  the  soffits  on  either  side  of  the  chimney  at  the  opposite  end  of  the  church 
(Figure  1).  The  number  of  adults  in  the  belfry  did  not  reach  pre-disturbance  levels  until  7 
July,  and  they  continued  to  use  this  alternate  site  on  a  limited  basis  throughout  the  sum- 
mer. 

Emergence.  Data  on  mean  emergence  time  in  relation  to  sunset  for  Nycticeius 
humeralis  are  shown  in  Figure  3.  Bats  emerged  prior  to  sunset  on  only  4  of  134  nights 
during  the  study  (once  each  in  May,  June,  July,  and  August).  On  3  of  these  occasions, 
rain  was  falling  as  the  bats  emerged,  and  on  the  4th,  the  sky  was  heavily  overcast. 

The  mean  emergence  time  of  evening  bats  over  the  entire  3 -year  period  on  days  of 
heavy  overcast  or  cloud  cover  was  significantly  earlier  than  on  clear  days  (t  =  1 1.12,  df  = 
132,  P  <  0.0005;  Figure  4).  The  mean  emergence  time  of  bats  on  cloudy  days  was  10.1 
minutes  after  sunset  (n  =  40,  SD  =  6.4)  and  on  clear  days  18.6  minutes  after  sunset  (n  = 
94,  SD  =  5.9).  This  observation  agrees  with  those  of  Gould  (1961),  who  found  a  closer 
correlation  between  emergence  and  ambient  light  than  between  emergence  and  sunset  time. 

Of  the  130  observations  during  which  flights  occurred  after  sunset,  16  (12.3%)  oc- 
curred from  0  to  9  min,  85  (65.4%)  from  10  to  20  min,  and  29  (22.3%)  from  20  to  39  min 
after  sunset.  Because  it  is  still  quite  light  at  sunset,  bats  were  often  foraging  well  before 
darkness. 

Evening  bats  emerged  earlier  with  respect  to  sunset  in  the  spring  and  later  during  the 
autumn.  Emergence  time  became  later  each  night  relative  to  sunset  time  as  the  season 
progressed  (Figure  5).  In  1989,  mean  emergence  time  after  sunset  ranged  from  1 1.9  min 
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Figure  3.  Mean  monthly  emergence  time  of  evening  bats  from  Briley  Chapel  Church,  rela- 
tive to  sunset,  for  1988,  1989,  and  1990.  The  times  of  sunset  were  obtained  from  the  De- 
partment of  Geography,  Indiana  State  University,  Terre  Haute,  Indiana. 

in  May  (n  =  13)  to  26.8  min  in  October  (n  =  5).  In  1990,  it  ranged  from  8.0  min  after 
sunset  in  May  (n  =  8)  to  21.5  min  in  October  (n  =  4).  During  1988,  data  were  collected 
starting  in  July  and  with  the  exception  of  the  first  month,  in  which  the  sample  size  was 
small  (n  =  2),  the  same  trend  was  followed  each  year  with  emergence  in  October  averag- 
ing 23.3  min  (n  =  4)  after  sunset. 

Many  authors  (Church,  1957;  DeCoursey  and  DeCoursey,  1964;  Swift,  1980;  Twente, 
1955;  and  Venables,  1943)  have  noted  emergence  times  for  various  species  of  vespertilionid 
bats  to  be  earlier  in  both  spring  and  fall  relative  to  sunset.  Herreid  and  Davis  (1966)  note 
3  typical  emergence  patterns  in  bats  in  relation  to  sunset:  1 )  species  without  seasonal  dif- 
ferences in  emergence  time  in  relation  to  sunset;  2)  species  which  leave  relatively  later  in 
the  spring  and  fall;  and  3)  species  which  leave  relatively  earlier  in  the  spring  and  fall.  The 
evening  bats  from  the  Briley  Chapel  colony  would  seem  to  provide  evidence  for  another 
pattern:  i.e,  a  progressively  later  emergence  in  relation  to  sunset  from  spring  through  fall. 

Herreid  and  Davis  (1966)  suggest  that  some  bat  species  have,  in  effect,  shortened  the 
length  of  spring  and  fall  nights  by  emerging  later,  because  the  nights  during  these  seasons 
are  longer  than  required  for  feeding.  They  further  suggest  that  other  species  in  northern 
latitudes  must  feed  when  insects  are  available,  thus  forcing  earlier  emergence  in  the  fall 
and  spring.  Because  individuals  of  Nycticeius  emerged  later  each  month,  they  may  require 
progressively  less  time  to  feed  from  May  through  October.  However,  even  though  the  bats 
emerged  later  in  the  autumn  than  in  the  spring,  they  foraged  later  into  the  autumn  night. 
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Figure  4.  Mean  monthly  emergence  time  of  evening  bats  from  Briley  Chapel  Church,  rela- 
tive to  sunset,  on  clear  and  cloudy  evenings. 

Thus,  the  total  foraging  time  was  greater  in  the  fall  (Clem,  1991).  This  difference  could 
indicate  that  the  bats  are  taking  advantage  of  increased  insect  activity  during  the  autumn  in 
preparation  for  migration. 

During  1989  and  1990,  the  attic  was  entered  46  times  to  determine  if  all  bats  had  ex- 
ited on  the  evening  foraging  flight.  Flights  occurred  42  times.  These  checks  were  made 
immediately  following  the  foraging  flight  or  on  the  4  nights  when  no  flight  occurred,  30 
minutes  past  the  time,  when  the  foraging  flight  should  have  occurred.  On  the  4  nights 
when  no  flights  occurred,  all  the  bats  were  present  in  the  attic  as  expected.  Some  bats 
remained  in  the  attic  on  5  other  nights  as  well. 

Temperatures  in  the  roost  and  in  the  outside  air  are  listed  for  nights  when  bats  were 
counted  exiting  from  the  attic  as  well  as  for  nights  when  no  flight  occurred  (Table  2).  At- 
tic temperatures  on  evenings  when  no  flight  occurred  were  12.8°,  12.2°,  10.6°,  and  2.8°  C 
(mean  =  9.6°  C).  Air  temperatures  on  the  same  evenings  were  1.7°,  7.8°,  11.1°,  and  10.0° 
C  (mean  =  7.7°  C).  Attic  temperatures  on  evenings  when  a  portion  of  the  bats  remained  in 
the  attic  were  13.3°,  15.6°,  20.0°,  20.6°,  and  23.9°  C  (mean  =  18.7°  C).  Air  temperatures 
on  the  same  evenings  were  12.8°,  7.8°,  18.3°,  17.2°,  and  21.7°  C  (mean  =  15.6°  C).  At 
13.3°  C,  91%  of  the  bats  remained  in  the  attic,  and  at  15.6°  C,  10%  remained  there.  The 
last  3  attic  temperatures  (20.0°,  20.6°,  and  23.9°  C)  found  from  8%  to  0.3%  in  the  attic, 
after  the  evening  flight.  Mean  colony  temperature  on  evenings,  when  all  bats  exited  the 
colony,  was  26.0°  C,  and  mean  air  temperature  was  22.6°  C. 

O'Farrell  and  Bradley  (1970)  noted  increased  capture  rates  for  both  Pipistrellus 
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Figure  5.  Mean  monthly  emergence  time  of  evening  bats  from  Briley  Chapel  Church,  rela- 
tive to  sunset,  showing  progressively  later  emergence  through  the  seasons. 


hesperus  and  Myotis  californicus  at  higher  temperatures,  indicating  peaks  of  seasonal  ac- 
tivity during  warmer  months.  O'Shea  and  Vaughn  (1977)  noted  slower  and  later  emer- 
gence and  briefer  foraging  periods  for  the  pallid  bat,  Antrozous  pallidus,  during  periods  of 
cooler  temperatures.  The  only  published  data  dealing  with  Nycticeius  humeralis  indicated 
curtailed  activity  as  an  ambient  temperature  of  10°  C  was  approached  (Watkins,  1971). 

The  number  of  evening  bats  remaining  in  the  Briley  Chapel  colony  on  evenings  in 
May  and  October,  when  internal  colony  temperature  was  below  13.0°  C,  was  significantly 
greater  than  on  evenings,  when  the  temperature  was  above  13.0°  C  (x2  =  330.2,  df  =  1,  P  < 
0.005).  Bats  remaining  in  the  attic  after  the  evening  emergence  were  in  varying  degrees 
of  torpor.  On  the  4  occasions  when  no  evening  flight  occurred,  the  bats  were  clustered  at 
the  peak  of  the  attic  in  torpor.  There  was  no  movement  or  vocalization.  In  contrast,  bats 
were  active  when  the  roost  was  entered  prior  to  evening  emergence,  when  temperatures 
were  higher. 

Attic  temperature  is  influenced  by  air  temperature  at  the  Briley  Chapel  colony,  since 
no  heat  is  provided  to  the  belfry  from  the  church.  Temperatures  were  taken  from  30  to  60 
minutes  past  sunset,  and  generally,  air  temperatures  were  lower  at  this  time  than  attic  tem- 
peratures. Of  the  46  checks  made,  38  indicated  air  temperatures  0.5°  to  12.2°  C  lower 
than  attic  temperatures.  Of  the  8  times  attic  temperature  was  lower,  it  ranged  from  0.5°  to 
6.1°  C.  These  results  are  probably  due  to  more  rapid  cooling  of  the  air  than  the  attic  after 
sunset  on  relatively  clear,  warm  days.  On  2  of  the  days  when  flights  occurred  (11  and  15 
October  1990),  the  attic  was  7.8°  and  12.2°  C  warmer  than  the  air  temperature  at  the  time 
the  evening  flight  occurred. 

Observable  behavioral  differences  were  noted  for  bats  exiting  the  colony  on  these  2 
nights,  when  outside  temperature  was  7.8°  C.  Flight  appeared  slower  and  more  deliberate. 
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Table  2.  Effect  of  temperature  (in  degrees  Celsius)  on  flight  and  activity  of  Nycticeius 
humeralis  at  Briley  Chapel  Church,  Clay  County,  Indiana.  The  data  are  arranged  based  on 
increasing  colony  temperature. 


COLONY 

AIR 

COLONY 

FLIGHT 

DATE 

%  REMAINING 

TEMP 

TEMP 

COUNT 

COUNT 

IN 

ATTIC 

2.8 

1.7 

40 

0 

20  Oct/89 

100.0 

10.6 

7.8 

5 

0 

18  Oct/90 

100.0 

12.2 

11.1 

60 

0 

06  Oct/89 

100.0 

12.8 

10.0 

12 

0 

04  May/89 

100.0 

13.3 

12.8 

60 

6 

03  Oct/89 

90.9 

14.4 

19.4 

0 

24 

04  Oct/90 

0.0 

15.6 

7.8 

2 

20 

1 1  Oct/90 

9.1 

16.7 

21.7 

0 

29 

08  Oct/90 

0.0 

17.8 

13.9 

0 

32 

05  May/90 

0.0 

18.9 

18.3 

0 

5 

24  Sep/90 

0.0 

20.0 

26.1 

0 

147 

07  Jul/90 

0.0 

20.0 

18.3 

1 

12 

17  Sep/90 

7.7 

20.0 

7.8 

0 

11 

15  Oct/90 

0.0 

20.0 

19.4 

0 

170 

14  Jul/90 

0.0 

20.6 

17.2 

4 

196 

01  Sep/90 

1.0 

21.1 

20.6 

0 

147 

12  Jul/90 

0.0 

21.1 

25.0 

0 

145 

29  May/90 

0.0 

21.7 

23.9 

0 

8 

24  Oct/89 

0.0 

21.7 

19.4 

0 

207 

29  Sep/89 

0.0 

21.7 

20.0 

0 

14 

06  Jun/90 

0.0 

22.2 

26.1 

0 

109 

30  Aug/90 

0.0 

22.8 

22.2 

0 

335 

18  Aug/89 

0.0 

23.3 

21.1 

0 

67 

08  May/90 

0.0 

23.3 

22.2 

0 

90 

25  May/90 

0.0 

23.9 

21.1 

0 

75 

23  Jun/90 

0.0 
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COLONY 

AIR 

COLONY 

FLIGHT 

DATE 

%  REMAINING 

TEMP 

TEMP 

COUNT 

COUNT 

IN 

ATTIC 

23.9 

21.7 

1 

302 

15  Aug/89 

0.3 

23.9 

18.9 

0 

38 

18  May/90 

0.0 

25.5 

17.8 

0 

24 

20  Sep/90 

0.0 

25.5 

21.1 

0 

166 

13  Aug/90 

0.0 

26.7 

18.9 

0 

181 

07  Aug/90 

0.0 

26.7 

27.8 

0 

95 

21  Aug/90 

0.0 

26.7 

24.4 

0 

80 

13  Oct/89 

0.0 

26.7 

27.2 

0 

214 

19  Jul/90 

0.0 

26.7 

23.9 

0 

11 

27  Oct/89 

0.0 

27.8 

23.9 

0 

104 

23  Aug/90 

0.0 

27.8 

26.1 

0 

294 

29  Aug/89 

0.0 

28.3 

26.7 

0 

261 

22  Aug/89 

0.0 

28.3 

23.9 

0 

67 

19  Jun/90 

0.0 

28.9 

22.2 

0 

244 

23  Jul/90 

0.0 

30.0 

24.4 

0 

24 

11  Jun/90 

0.0 

30.6 

22.2 

0 

210 

30  Jul/90 

0.0 

30.6 

28.3 

0 

120 

03  Jul/90 

0.0 

31.1 

24.4 

0 

17 

07  Sep/90 

0.0 

31.1 

25.6 

0 

232 

17  Jul/90 

0.0 

31.7 

28.3 

0 

72 

05  Jul/90 

0.0 

35.6 

33.3 

0 

68 

27  Aug/90 

0.0 

Bats  returned  to  the  roost  in  less  than  1  minute  and  experienced  some  difficulty  re-enter- 
ing the  attic.  Several  were  noted  flying  onto  the  sloped  roof  of  the  belfry,  releasing  imme- 
diately, and  after  a  brief  flight  around  the  church,  attempting  to  re-enter  the  attic.  On  each 
of  the  2  nights  when  air  temperature  was  7.8°  C,  the  day  had  been  sunny,  and  colony  tem- 
perature was  15.6°  and  20.0°  C  at  the  time  of  emergence.  These  data,  coupled  with  the 
temperature  data  on  evenings  when  no  flight  took  place,  would  seem  to  indicate  a  critical 
colony  temperature  of  12°  to  13°  C,  below  which  normal  flight  activity  is  curtailed. 
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SPRING  DIET  AND  PARASITES  OF  THE 

SPOTTAIL  DARTER,  ETHEOSTOMA  SQUAMICEPS, 

IN  SOUTHERN  INDIANA 
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Evansville,  Indiana  47712 

ABSTRACT:  The  spring  food  items  and  parasites  of  44  spottail  darters  from  Sanders  Creek,  a 
second  order  stream  in  southwestern  Indiana,  were  examined.  Early  instar  isopod  Crustacea  and 
chironomid  larvae  were  the  major  components  of  the  juvenile  diet,  respectively  contributing  64.0% 
and  18.7%  to  total  diet.  In  older  age  classes,  late  instar  isopods,  amphipods,  and  odonate  naiads 
were  major  dietary  constituents.  Small  decapods,  fresh  water  snails,  and  simuliid  and  tabanid  lar- 
vae were  incidental  to  the  diet.  The  majority  of  specimens  examined  were  parasitized  by  the  acan- 
thocephalan,  Acanthocephalus  dims,  which  uses  the  isopod  Asellus  as  its  intermediate  host. 

INTRODUCTION 

The  spottail  darter,  Etheostoma  squamiceps,  is  abundant  in  direct  tributaries  of  the  Ohio 
River  in  Kentucky  and  southern  Illinois  (Braasch  and  May  den,  1985)  but  is  limited  to  3 
known  localized  populations  in  Indiana  (Jordan,  1890;  Page,  et  al,  1976;  Grannan  and 
Lodato,  1986).  Page,  et  al  (1976)  suggested  that  the  limiting  factor  for  E.  squamiceps  in 
Indiana  was  the  availability  of  potential  nesting  sites  (i.e.,  slab  rocks)  due  to  the  degrada- 
tion of  stream  substrates  by  intensive  agriculture  and  recommended  that  the  species  be  added 
to  the  State's  rare  and  endangered  list.  Studies  of  reproductive  behavior  (Bandoli,  et  al, 
1991)  and  early  life  history  (Simon,  1987),  as  well  as  recent  surveys  (Grannan  and  Lodato, 
1986;  Cervonne,  et  al,  1989),  have  contributed  to  our  understanding  of  the  ecology  of  the 
spottail  darter  in  Indiana.  Little  information  is  available  concerning  the  resource  require- 
ments of  local  populations.  This  study  was  conducted  to  supplement  the  ecological  data 
available  on  the  spottail  darter. 

METHODS 

Darters  were  collected  from  Sanders  Creek,  a  second  order  tributary  of  Bayou  Creek 
in  western  Vanderburgh  County,  approximately  1  km  east  of  the  Posey- Vanderburgh  County 
Line  on  Old  Highway  62.  The  stream  drainage  basin  consists  of  25  km2  of  small  wood 
and  agricultural  lots.  Available  habitats  in  Sanders  Creek  include  soft,  mud-bottomed  pools 
with  steep  and  often  undercut  banks  supporting  thick  stands  of  Equisetum  and  shallow  riffles 
with  large  (30  cm  diameter)  limestone  rip-rap  from  bridge  banks.  Other  darters  in  the  Bayou 
Creek  drainage  include  the  mud  darter  {Etheostoma  asphgene)  and  the  slough  darter  (E. 
gracile).    These  fish  are  rarely  syntopic  with  E.  squamiceps  in  Sanders  Creek. 

Individuals  of  rare  or  of  difficult  to  capture  species  can  be  used  for  initial  dietary  studies, 
even  if  sampled  for  other  purposes  (Rachlin  and  Warkintine,  1987).  Due  to  the  rarity  of 
E.  squamiceps  in  Indiana,  most  of  the  darters  examined  were  collected  during  studies  of 
the  reproductive  behavior  of  the  spottail  darter  (J.  Bandoli,  pers.  comm.). 

Darters  were  collected  by  seine  during  March  and  April,  1990  and  1991.  Specimens 
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were  preserved  in  10%  formalin  and  brought  to  the  laboratory  for  processing.  Food  items 
were  identified  to  the  lowest  practical  taxon.  Diet  content  was  determined  by  percent  con- 
tribution by  item  and  by  the  percentage  of  stomachs  in  which  each  taxon  was  found.  Each 
specimen  was  also  examined  for  endoparasites. 

Diets  were  examined  for  ontogenetic  shifts  by  dividing  all  darters  into  one  of  three 
size  and  associated  age  classes  following  Page  (1974)  and  Bandoli,  et  al  (1991).  Speci- 
mens <  43  mm  standard  length  (SL)  were  considered  first  year  (Age  0),  between  44  mm 
and  57  mm  SL  second  year  (Age  I),  and  >  57  mm  SL  third  year  (Age  II). 

RESULTS 

The  stomach  contents  of  44  spottail  darters  were  examined — 15  from  the  spring  of 
1990  and  29  from  the  spring  of  1991.  Specimens  were  distributed  across  the  three  age 
classes:  16  Age  0  (34  to  42  mm  SL,  x  =  38.1),  22  Age  I  (45  to  56  mm  SL,  x  =  50.2),  and 
8  Age  II  (57  to  70  mm  SL,  x  =  62.5). 

The  diet  composition  of  all  age  classes  were  similar  (Table  1).  However,  the  contents 
differed  in  the  proportion  each  taxon  contributed  to  the  total  diet.  Isopod  Crustacea  were 
the  most  important  food  item  for  all  year  classes.  Age  0  and  Age  I  darters  consumed  pre- 
dominately the  smaller  early  instars,  while  Age  II  individuals  preyed  only  on  late  (adult) 
instars.  Chironomid  larvae  contributed  proportionally  more  to  the  diet  of  first  year  (Age 
0)  individuals  (18.7%)  than  to  the  diet  of  Age  I  darters  (13.9%).  Chironomid  larvae  were 
present  in  75.0%  of  the  Age  0  and  25%  of  the  Age  I  specimens  examined.  Larger  darters 
consumed  relatively  fewer  chironomids  (14.0%  of  total  diet).  These  larvae  were  found  in 
only  25.0%  of  the  specimens  examined.  Amphipod  Crustacea  were  preyed  upon  by  all 
age  classes  in  roughly  the  same  proportions.  Gastropods  were  most  important  to  first  (Age 
0)  and  second  (Age  I)  year  individuals,  while  odonate  naiads  occurred  only  in  the  stom- 
achs of  Age  II  darters.  Simuliid  larvae,  tabanid  larvae,  and  early  instar  decapods  were  in- 
cidental to  the  diet. 

Acanthocephalus  dims  infected  86.0%  of  the  individuals  of  E.  squamiceps  examined 
(  x  =  11.6  worms/darter).  First  year  (Age  0)  specimens  had  a  parasitism  rate  of  86.7% 
(  x  =  3.6  worms/darter),  while  second  year  (Age  I)  darters  had  an  incidence  rate  of  75.0% 
(  x  =  12.9  worms/darter).  All  third  year  (Age  II)  individuals  examined  were  parasitized  by 
an  average  of  22.6  worms/darter. 

DISCUSSION 

The  diet  of  E.  squamiceps  in  Sanders  Creek  is  broadly  similar  to  the  diet  in  Big  Creek, 
Illinois  (Page,  1974).  Differences  between  the  two  studies  are  due  to  the  greater  diversity 
of  food  items  in  Big  Creek.  The  Illinois  population  was  reported  to  prey  heavily  on  chi- 
ronomid larvae,  ephemeropteran  naiads,  and  amphipod  and  copepod  Crustacea.  Other  com- 
ponents to  the  diet  included  gastropods,  isopods,  ostracods,  decapods,  plecopteran  nymphs, 
and  trichopteran  and  coleopteran  larvae.  The  greater  breadth  of  taxa  preyed  on  by  the  popu- 
lation in  Big  Creek  reflects  differences  in  habitat  and  benthic  communities.  Big  Creek  has 
a  gravel  and  cobble  substrate  as  well  as  a  larger  drainage  basin,  covered  predominately  by 
hardwood  forest.  In  contrast,  Sanders  Creek  suffers  from  siltation  and  serves  to  drain  small 
agricultural  lots.  The  similarities  in  the  diets  of  the  two  populations  are  striking,  consider- 
ing the  differences  attributable  to  habitat. 

A  trend  common  to  both  studies  was  the  selection  of  larger  prey  items  by  larger  dart- 
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Table  1.  Age  class  distribution  of  spottail  darter  stomach  contents.   Percent  frequency  is 
followed  parenthetically  by  percentage  of  stomachs  in  which  food  items  occurred. 


Age  Class: 

AgeO 

Age  I 

Age  II 

34-42  mm 

45-56  mm 

57-70  mm 

(N  =  16) 

(N  =  20) 

(N  =  8) 

Taxa 

Asellus 

early  instar 

64.0  (93.7) 

52.9  (70.0) 

nc 

late  instar 

3.1   (12.5) 

12.4  (25.0) 

75.0  (62.5) 

Gammarus 

11.1   (50.0) 

12.1   (40.0) 

15.9  (50.0) 

Procambarus 

0.8  (12.5) 

0.6     (5.0) 

nc 

Orthocladinae 

15.9  (75.0) 

3.9  (25.0) 

6.8  (25.0) 

Tanitarsinae 

2.7  (12.5) 

nc 

nc 

Simuliidae 

nc 

2.3  (15.0) 

nc 

Tabanidae 

nc 

0.6     (5.0) 

nc 

Coenagriidae 

nc 

nc 

2.3  (16.7) 

Physa 

2.4  (25.0) 

5.2  (35.0) 

nc 

nc  =  not  consumed 

ers.  The  larger  the  individual,  the  less  important  chironomid  larvae  became  to  the  diet  and 
the  more  significant  the  contribution  of  late  instar  isopods.  Shifts  in  foraging  behavior  rela- 
tive to  body  size  and  shape  have  been  suggested  for  darters  (Vogt  and  Coon,  1990).  Most 
small  first  year  (Age  0)  individuals  were  captured  in  and  among  the  roots  and  debris  of 
undercut  banks.  They  may  forage  in  this  microhabitat,  avoiding  the  open  channel.  The 
third  year  (Age  II)  darters  were  associated  with  limestone  rip-rap  and  may  have  limited 
their  foraging  to  that  area. 

Competition  with  sympatric  darters  may  not  determine  the  food  habits  of  the  spottail 
darter  in  Sanders  Creek  due  to  the  differences  in  preferred  habitat  of  the  different  darters. 
Mud  darters  occur  in  the  wide,  slow  moving  pools  downstream,  while  the  slough  darter 
occupies  weedy  pools  (Cervonne,  et  al,  1989).  Only  three  slough  darters  have  been  col- 
lected from  spottail  darter  study  sites  in  four  sampling  years  in  the  Bayou  Creek  drainage 
(J.Bandoli,  pers.  comm.). 

Acanthocephalus  dims  (=  A.  jacksoni)  had  been  previously  reported  parasitizing  spottail 
darters  by  Page  (1974)  and  Buckner,  et  al.  (1985).  The  intermediate  host  of  A.  dims  is  the 
isopod  Asellus  (Amin,  1984).  This  suggests  a  correlation  between  the  proportion  of  iso- 
pod  Crustacea  in  the  diet  with  the  number  of  parasites  per  individual.  The  low  rate  of  para- 
sitism in  first  year  (Age  0)  darters  compared  with  the  high  proportion  of  isopods  consumed 
suggests  that  earlier,  uninfected  instar  isopods  are  being  consumed  by  the  early  age  classes. 

Page,  et  al.  (1976)  identified  the  lack  of  available  habitat  as  responsible  for  scarcity  of 
the  spottail  darter.  Whitaker  and  Gammon  (1988)  suggested  that  prime  habitat  in  southern 
Indiana  should  be  identified  and  conserved.  The  preferred  habitat  of  E.  squamiceps  in  Big 
Creek  is  slab  stone  pools  (Page,  1974),  a  rare  habitat  in  southern  Indiana  (Kozel,  et  al, 
1981).  Of  the  known  spottail  darter  populations  in  Vanderburgh  County,  all  are  associ- 
ated with  limestone  rip-rap.  Rip-rap  is  usually  deposited  under  bridges  as  a  riparian  zone 
stabilizer  (personal  obs.),  which  inadvertently  creates  the  habitat  necessary  for  E. 
squamiceps.  The  spottail  darter  has  never  been  abundant  in  Indiana,  and  the  populations 
in  Vanderburgh  County  may  be  the  result  of  the  creation  of  artificial  habitat. 
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ABSTRACT:  The  Nichols  Research  Corporation  (NRC)  recently  completed  a  series  of  x-ray  tests 
at  Blackjack  5  (BJ5)  in  San  Diego,  California.  The  tests  consisted  of  placing  selected  optics  samples 
inside  BJ5,  conductively  cooling  them  to  about  89  K,  and  exposing  them  to  selected  x-ray  fluence 
levels.  A  series  of  measurements  were  made  using  a  quartz  crystal  microbalance  (QCM)  to  deter- 
mine the  accumulation  rate  of  surface  debris  in  the  BJ5  environment  under  conditions  of  poor 
vacuum,  multiple  contamination  sources,  and  prolonged  cryogenic  cooling.  The  results  of  these 
tests  are  discussed  in  this  paper. 

INTRODUCTION 

Nichols  Research  Corporation  (NRC)  completed  a  test  series  using  the  Blackjack  5 
(BJ5)  soft  x-ray  (SXR)  source  at  Maxwell  Laboratories  in  San  Diego,  California  in  De- 
cember, 1989.  This  test  consisted  of  placing  selected  optics  samples  inside  a  BJ5,  cooling 
them  to  cryogenic  temperatures,  and  exposing  them  to  x-rays.  The  optics  samples  had  to 
remain  clean  during  the  entire  experimental  sequence,  which  involved  assembling  the 
samples  in  a  clean  room  and  mounting  them  inside  a  BJ5. 

Unfortunately,  some  mass  build-up  occurred  due  to  cryogenic  cooling  and  the  pres- 
ence of  debris  sources  inside  the  BJ5.  As  a  result,  NRC  performed  a  series  of  tests  using  a 
quartz  crystal  microbalance  (QCM)  to  determine  the  mass  of  sample  surface  deposits  ac- 
cumulated in  the  BJ5  environment.  The  results  of  those  tests  along  with  the  results  of  a 
series  of  tests  completed  at  NRC  simulating  the  vacuum  and  environmental  conditions  of 
the  BJ5  are  the  subject  of  this  paper. 

MATERIALS  AND  METHODS 

When  samples  were  cooled  to  123  K,  the  entire  experimental  assembly,  and  especially 
assembly  parts  linked  directly  to  the  path  of  the  liquid  nitrogen  flow,  showed  traces  of  cryo- 
genic deposits.  A  QCM  Research  model  MK9  quartz  crystal  microbalance  was  used  to 
determine  the  magnitude  of  the  cryogenic  deposits.  The  MK-9  sensor,  with  the  associ- 
ated low  temperature  oscillating  chip,  was  used  with  the  QCM  Research  model  1900  con- 
troller to  monitor  sensor  output. 

A  QCM  operates  using  two  vibrating  quartz  crystals.  One  of  the  crystals  collects  con- 
taminants, while  the  other  functions  as  a  standard.  The  change  in  frequency  between  the 
two  crystals  corresponds  to  the  amount  of  mass  deposited.  For  the  10  MHz  crystals  used 
by  NRC,  a  frequency  change  of  7.14  Hz  indicated  a  mass  deposit  of  1  x  10~8  g.  The  fre- 
quency range  for  the  exposed  crystal  can  vary  from  10  MHz  to  15  MHz,  and  the  accuracy 
in  digital  mass  readout  is  1  x  10 8  g.  QCM  crystals  can  collect  mass  deposits  composed  of 
almost  any  substance,  when  exposed  to  an  unknown  environment.  In  order  to  determine 
the  debris  composition,  the  vacuum  environment  must  be  examined  for  all  possible  con- 
tamination sources. 
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Several  equations  were  used  to  calculate  the  results  discussed  in  subsequent  sections. 
The  QCM  controller  has  the  capability  to  display  total  mass,  mass  accumulation  rate,  tem- 
perature, and  frequency.  Only  mass  accumulation  rate,  temperature,  and  frequency  were 
recorded  using  the  QCM.  Recording  total  mass  was  not  very  practical,  because  the  QCM 
can  record  total  mass  only  over  a  limited  range.  A  more  effective  method  of  determining 
the  total  deposited  mass  is  the  use  of  the  following  equation: 
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where  M  equals  the  total  accumulated  mass  (g),  m.  equals  the  mass  accumulation  rate 
(g/s),  At.  equals  the  time  increment  (s),  and  N  equals  the  number  of  measured  data  points. 
The  assumption  is  made  that  the  rate  of  mass  deposition  varies  linearly  with  time.  There- 
fore, instead  of  integrating  the  mass  accumulation  rate  for  each  individual  time  interval,  a 
simple  summation  of  the  product  of  the  mass  rate  and  sample  interval  yields  the  total  ac- 
cumulated mass. 

The  areal  density  for  the  mass  deposit  was  calculated  as: 

_  Mqcm 

AQCM 

where  ji  equals  the  areal  density  (g/cm2),  M       equals  the  total  accumulated  mass  (g),  and 
A       equals  the  surface  area  of  the  QCM  sensor,  0.3167  cm2. 
The  thickness  for  the  mass  deposits  was  calculated  as: 
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where  s  equals  the  deposit  thickness  (cm),  and  pt  equals  the  total  deposit  density  (g/cm3). 
The  assumption  is  made  that  the  mass  deposit  consists  of  a  single  constituent  and  that  the 
mass  distribution  is  equal  over  the  entire  QCM  surface.  For  the  temperature  and  pressure 
ranges  considered  at  the  NRC  and  for  the  BJ5  vacuum  systems,  water  was  the  compound 
most  likely  to  condense.  Materials,  such  as  diffusion  pump  oil,  alcohol,  machine  oil,  kimfol, 
paralyene-C,  kapton,  and  other  hydrocarbons,  can  be  found  in  the  BJ5  vacuum  system  in 
amounts  up  to  a  few  percent  by  mass. 

NRC  QCM  TEST  RESULTS 

Several  different  approaches  were  used  at  NRC  to  model  debris  deposition  in  the  BJ5. 
The  initial  goal  was  to  show  that  mass  build-up  is  possible  in  a  working  vacuum  system 
by  establishing  a  lower  and  an  upper  limit  on  the  total  mass  deposited  at  NRC  and  then 
extrapolating  the  values  relevant  to  the  BJ5.  Only  the  definition  of  a  lower  and  upper  limit 
was  possible,  because  of  limitations  imposed  by  the  NRC  vacuum  system.  The  maximum 
BJ5  operating  pressure,  2.5  x  10~4  torr,  is  reached  using  mechanical  roughing  and  diffusion 
pumps.  The  NRC  vacuum  system  uses  a  combination  of  mechanical  roughing  and  turbo 
molecular  pumps,  which  produce  a  maximum  vacuum  pressure  of  approximately  1  x  10~7 
torr.  The  NRC  vacuum  chamber  is  also  several  hundred  times  smaller  than  either  the  su- 
per-dome or  mini-dome  vacuum  chambers  used  in  the  BJ5.  Finally,  the  BJ5  vacuum  cham- 
ber had  a  continuous  internal  source  of  debris.  Therefore,  the  exact  experimental  condi- 
tions in  the  BJ5  could  not  be  duplicated  at  NRC.  NRC  implemented  a  three  phase  series 
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Table  1.  NRC  QCM  test  results. 


TEST 

TEST 

TOTAL 

AREAL 

FINAL 

TEST 

NUMBER 

TIME 

MASS 

DENSITY 

TEMP 

PRESSURE 

SET-UP 

(min) 

(Rg) 

(|lg/cm2) 

(K) 

(x  104torr) 

7 

36 

_ 

_ 

93.3 

450. 

CT 

1 

36 

296.0 

0.014 

SH 

2 

97 

2.99 

13.18 

206.3 

503. 

SH 

3 

12 

1.63 

5.15 

227.0 

0.022 

SH 

4 

66 

3.56 

11.24 

150.9 

0.009 

SH 

5 

75 

6.41 

20.24 

99.2 

0.009 

SH 

6 

75 

5.81 

18.35 

115.0 

449. 

SH 

8 

86 

6.82 

21.53 

100.7 

0.007 

SH 

9 

57 

5.44 

17.18 

103.6 

0.007 

SH 

10 

70 

6.67 

21.06 

109.9 

409. 

SH 

11 

65 

6.07 

19.17 

110.0 

356. 

SH 

12 

42 

0.65 

2.05 

293.2 

18.1 

SH 

13 

51 

5.31 

16.77 

139.3 

15.3 

SH 

14 

91 

8.69 

27.44 

93.0 

11.3 

SH 

AVESH 

61 

5.00 

16.11 

129.0 

157.3 

- 

15 

45 

16.43 

51.88 

90.2 

0.015 

SE 

16 

45 

10.03 

31.67 

98.6 

353. 

SE 

17 

47 

8.39 

26.49 

102.0 

50. 

SE 

18 

70 

12.03 

37.99 

105.2 

226. 

SE 

19 

26 

4.80 

15.16 

89.6 

0.015 

SE 

AVESE 

47 

10.34 

32.64 

97.1 

125.8 

- 

CT  =  Cooling  test. 

SE  =  Sensor  i 

sxposed. 

SH  =  Sample 

holder. 

of  QCM  tests  to  study  the  cryogenic  build-up  and  micro-debris  accumulation  problem. 

Phase  One.  The  first  testing  phase  was  designed  to  determine  the  cleanliness  of  the 
NRC  vacuum  system.  The  QCM  sensor  was  mounted  on  the  back  surface  of  the  holder  in 
the  position  normally  occupied  by  the  sample.  Then,  this  assembly  was  attached  to  a  vacuum 
flange,  which  was  mounted  in  the  NRC  vacuum  chamber.  Liquid  nitrogen  was  used  to 
cool  the  holder,  and  the  chamber  was  evacuated  to  the  operating  turbo  pump  pressure  of 
approximately  1  x  10 7  torr.  The  QCM  was  cooled  to  an  average  temperature  of  100  K, 
and  data  were  collected  for  about  45  minutes.  Table  1  shows  the  results  of  the  NRC  QCM 
vacuum  tests.  Insignificant  amounts  of  cryogenic  and  micro-debris  deposits  were  observed 
on  the  QCM  sensor. 

In  a  second  set  of  tests,  the  above  procedure  was  repeated,  except  that  only  the  me- 
chanical roughing  pump  was  used  to  reduce  system  pressure.  No  significant  differences 
in  the  total  accumulated  debris  mass  resulted  from  this  change.  A  larger  mass  accumula- 
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Figure  1.  NRC  QCM  and  sample  holder  results. 
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Figure  2.  NRC  exposed  QCM  results. 
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tion  was  expected  for  the  second  test  series,  because  the  working  pressure  was  4  to  5  or- 
ders of  magnitude  higher  (approximately  1  x  10 2  torr).  Larger  amounts  of  mass  deposi- 
tion were  expected,  because  of  higher  particle  flux.  Conversely,  a  smaller  amount  of  mass 
deposition  was  expected  at  lower  pressures,  because  fewer  debris  particles  were  present  in 
the  system. 

Tests  were  also  performed  in  which  the  NRC  vacuum  chamber  was  artificially  con- 
taminated with  alcohol,  oil,  and  grease.  These  tests  showed  no  significant  increase  in  total 
accumulated  debris  mass.  These  results  suggest  that  the  face  plate  of  the  holder  effec- 
tively prevented  the  flux  of  incoming  debris  from  reaching  the  QCM  sensor  by  decreasing 
the  exposed  surface  area  of  the  sample  to  approximately  0. 1  cm2.  For  the  contaminants  to 
reach  the  sensor,  they  had  to  traverse  the  length  of  the  aperture,  which  was  being  cooled. 
The  aperture  acted  as  a  cryogenic  trap,  significantly  reducing  the  number  of  particles  reach- 
ing the  sample  surface. 

The  phase  one  tests  showed  that  the  QCM  sensor  detected  a  total  average  mass  accu- 
mulation of  5.0  jig  (Table  1).  This  average  mass  was  deposited  on  the  surface  of  the  QCM 
sensor  in  an  average  of  61  minutes.  A  typical  deposition  rate  versus  time  plot  for  the  QCM 
sensor  mounted  on  the  sample  holder  is  seen  in  Figure  1 .  The  average  thickness  deposited 
on  the  QCM  was  approximately  0.2  jam. 

Some  unusual  observations  were  made  during  the  first  five  minutes  of  these  tests.  The 
readout  on  the  QCM  frequency  controller  intermittently  disappeared  and  reappeared  with 
small  abnormal  readings.  The  rapid  cooling  created  a  temperature  gradient  between  the 
QCM  crystals  during  the  initial  phase  of  each  test.  This  gradient  made  the  QCM  electron- 
ics unstable,  resulting  in  the  display  of  inaccurate  data.  The  readings  ceased  5  to  7  min- 
utes after  the  start  of  the  cooling  cycle.  Data  collected  by  the  QCM  after  the  instability 
period  were  considered  to  be  accurate.  Only  these  data  were  used  for  mass  build-up  cal- 
culations. 

Phase  Two.  In  the  second  phase  of  the  NRC  tests,  the  holder  was  removed  and  the 
stainless  steel  case  containing  the  QCM  was  attached  directly  to  a  plate  in  contact  with  the 
copper  cooling  tubes.  The  goal  of  this  phase  was  to  determine  whether  or  not  appreciable 
mass  deposition  occurred,  when  the  QCM  was  totally  exposed  to  the  NRC  vacuum  envi- 
ronment. The  amount  of  mass  accumulated  on  the  exposed  QCM  increased  by  about  a 
factor  of  2  (Table  1).  However,  the  increase  was  much  less  than  expected.  The  error  was 
attributed  to  a  possible  miscalibration  of  the  QCM  unit.  To  verify  that  the  QCM  was  func- 
tioning properly,  a  third  set  of  tests  was  required  (see  below). 

A  plot  of  the  mass  accumulation  rate  versus  temperature  for  the  exposed  NRC  QCM 
is  shown  in  Figure  2.  This  plot  resembles  the  pattern  observed  in  tests,  where  the  sensor 
was  installed  behind  the  holder.  A  careful  analysis  of  the  data  can  lead  to  a  reasonable 
conjecture  about  the  elements  condensing  on  the  surface  of  the  QCM  sensor. 

Elements  present  in  the  surface  mass  deposits  can  be  identified  by  establishing  oper- 
ating pressure  and  temperature  limits.  Once  these  limits  are  defined,  the  elements  that  are 
likely  to  condense  can  be  identified  using  elemental  vapor  pressure  and  temperature  data. 
The  examination  of  the  vapor  pressure  characteristics  of  common  gases  over  a  tempera- 
ture range  from  150  K  and  300  K  and  a  pressure  range  from  1  x  10 7  to  1  x  10~'  torr  indi- 
cated that  water  was  the  dominant  contaminant  condensing  on  the  QCM.  If  the  tempera- 
ture falls  below  150  K,  C02  may  also  condense.  In  a  clean  vacuum  environment,  only 
mass  deposits  composed  of  water  and  C02  are  possible.  However,  most  working  vacuum 
systems  also  contain  various  types  of  hydrocarbons  (grease,  oil,  hydrocarbon  derivatives, 
etc.). 
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Table  2.  BJ5  QCM  test  results.  Measured  thickness  was  calculated  from  the  correspond- 
ing total  mass  values. 


TEST 

TEST 

TOTAL 

MEASURED 

AREAL 

FINAL 

FINAL 

NUMBER 

LENGTH 

MASS 

THICKNESS 

DENSITY 

TEMP 

PRESSURE 

(min.) 

(W5) 

(Jim) 

(|ig/cm2) 

(K) 

(xl0-4torr) 

Bl  40  7.34  0.231  23.18  111.2         2.2 


B2 

38 

8.02 

0.253 

25.32 

115.5 

2.0 

B3 

12 

33.11 

1.050 

104.55 

85.9 

1.55 

B4 

11 

15.69 

0.495 

49.54 

91.1 

2.64 

B5 

31 

8.24 

0.260 

26.02 

106.0 

1.62 

Phase  Three.  A  third  group  of  tests  was  used  to  verify  that  the  QCM  sensor  and 
controller  were  functioning  properly.  First,  the  vacuum  chamber  was  completely  filled  with 
clean,  dry  C02  gas.  Then,  the  vacuum  chamber  was  evacuated  with  the  mechanical  roughing 
and  turbo  molecular  pumps.  Finally,  the  QCM  was  cooled  below  100  K.  Under  these 
conditions,  a  significant  accumulation  of  debris  was  expected.  However,  even  though  more 
debris  was  deposited  in  this  test  than  was  observed  in  previous  tests  (Phase  2),  the  amount 
did  not  fall  within  the  calculated  range.  A  mathematical  model,  based  on  the  kinetic  theory 
of  gases,  indicated  that  the  mass  accumulation  rate  should  have  been  three  orders  of  mag- 
nitude higher  than  the  mass  accumulation  rate  shown  in  Figure  2. 

Several  additional  tests  were  performed  using  only  the  roughing  mechanical  pump  and 
C02  contamination  source.  Once  more,  the  experimental  values  were  much  lower  than 
the  theoretical  predictions.  The  QCM  sensor  collected  mass  without  any  conspicuous 
anomalies,  but  the  QCM  controller  consistently  displayed  values  that  were  lower  than  ex- 
pected. Based  on  these  observations,  the  QCM  unit  seemed  to  be  functioning  properly. 
Therefore,  we  concluded  that  the  NRC  vacuum  system  could  not  be  used  to  model  the 
BJ5  environment,  because  of  differences  in  size  and  cleanliness.  QCM  measurements  would 
have  to  be  made  in  the  BJ5  vacuum  environment  at  the  Maxwell  facility  in  California. 

BJ5  QCM  TEST  RESULTS 

At  the  Maxwell  facility,  the  QCM  unit  was  connected  to  a  Macintosh  SE/30  personal 
computer  running  Lab  VIEW  software  using  an  ACRO  900  data  acquisition  and  control 
system.  Every  attempt  was  made  to  duplicate  the  sample  handling  and  mounting  proce- 
dures that  were  used  at  NRC.  A  total  of  five  tests  were  completed  on  the  BJ5  in  the  super- 
dome  vacuum  configuration  (Table  2). 

Test  B 1  was  performed  with  the  QCM  attached  to  a  holder  having  a  kapton  debris 
shield  mounted  to  the  face  plate  over  the  SXR  transmission  aperture.  In  tests  B2  and  B5, 
the  debris  shield  was  removed  from  the  holder.  In  tests  B3  and  B4,  the  holder  was  re- 
moved so  that  the  QCM  sensor  was  totally  exposed. 

Test  B 1  was  designed  to  determine  whether  or  not  the  kapton  debris  shield  had  any 
effect  on  the  build-up  of  debris  on  the  sample  surface.  Cold  surfaces  greatly  enhance  pres- 
sure reduction  by  cryogenic  pumping.  As  the  debris  shield  was  cooled,  it  acted  as  a  cryo- 
genic pump,  removing  particles  from  its  vicinity.  Test  Bl  was  designed  to  show  the  mag- 
nitude of  this  phenomenon.  Tests  B2  and  B5  were  used  to  determine  whether  the  debris 
shield  acted  as  a  cryogenic  pump  for  and  a  physical  barrier  to  the  incoming  debris  par- 
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Table  3.  Average  BJ5  QCM  Data. 


TEST               TEST 

TIME 

MASS 

THICKNESS 

DENSITY 

TEMP 

PRESSURE 

NUMBER   DESCRIPTION 

(min) 

(W) 

(fim) 

((ig/cm2) 

(K) 

(x  104  torr) 

Bl           DS,SH,S 

40.0 

7.34 

0.231 

23.18 

111.2 

2.25 

B2&B5  WDS,SH,BS 

34.5 

8.13 

0.257 

25.67 

110.8 

1.85 

B3  &  B4           SE 

11.5 

24.4 

0.773 

77.05 

88.5 

2.10 

DS   =   Debris  shield. 

WDS   =   Without  debris  shield. 

SH  =   Sample  holder. 

SE  =   Sensor  exposed. 

BS  =  Baffle  stack. 

ticles.  Tests  B3  and  B4  were  designed  to  determine  the  net  cleanliness  of  the  BJ5  vacuum 
environment.  The  NRC  sample  holders  were  detached  and  removed  for  these  tests,  leav- 
ing the  QCM  sensor  entirely  exposed  to  the  vacuum  environment. 

Table  3  shows  the  average  values  computed  from  the  corresponding  entries  in  Table 
2.  An  important  component  of  the  assembly  is  the  baffle  stack,  which  limits  the  amount 
of  debris  falling  onto  the  sample  surface  by  deflecting  debris  particles  arriving  at  an  angle 
with  respect  to  the  vertical  or  with  horizontal  velocity  components.  Debris  particles  with 
horizontal  velocity  components  will  land  on  one  of  the  oblique  plates  and  are  effectively 
diverted  from  the  sample  surface. 

The  use  of  the  kapton  debris  shield  reduced  the  amount  of  mass  deposited  on  the  QCM 
by  approximately  10.8%  (Table  3).  When  the  QCM  was  exposed  directly  to  the  BJ5  envi- 
ronment, the  accumulated  mass  was  about  3  times  greater  than  when  the  sensor  was  placed 
behind  the  baffle  stack  and  holder  assembly. 

The  debris  shield  acted  as  physical  barrier  that  stopped  particles  from  striking  the  QCM 
surface  (Figure  3).  By  placing  the  debris  shield  over  the  fluence  aperture,  an  isolation  re- 
gion was  created  between  the  sample  surface  and  the  debris  shield.  The  QCM  sensor  was 
only  able  to  acquire  particles  present  in  that  small  isolated  volume.  Calculations  showed 
that  mass  deposits  contributed  by  this  region  alone  were  negligible. 

The  mass  accumulation  rate  consistently  increased  at  temperature  values  ranging  from 
140  K  to  160  K  during  test  Bl.  Experiments  performed  at  NRC  did  not  show  this  phe- 
nomenon. Mass  deposition  from  an  undefined  source  was  taking  place.  One  possible  ex- 
planation was  the  presence  of  hydrocarbons  in  the  BJ5  vacuum  system.  The  total  mass 
accumulated  in  this  test  was  7.34  jim  over  an  elapsed  measurement  time  of  40  minutes. 
This  mass  corresponds  to  a  uniform  layer  of  water-ice  0.23  Jim  thick. 

Changes  in  the  mass  deposition  rate  for  the  BJ5  without  the  debris  shield  (tests  B2 
and  B5)  are  shown  in  Figure  4.  A  total  mass  of  8.13  jig  was  deposited  on  the  QCM  over 
34.5  minutes.  This  mass  corresponds  to  a  water-ice  thickness  of  0.26  |im.  The  holder  and 
the  baffle  stack  reduce  mass  accumulation  on  the  sensor  surface. 

In  tests  B3  and  B4,  the  debris  shield  and  the  baffle  stack  were  both  removed,  com- 
pletely exposing  the  QCM  to  the  system.  Both  tests  showed  a  sharp  increase  in  mass  ac- 
cumulation over  a  short  time  period.  An  average  total  accumulated  mass  for  the  two  tests 
was  24.4  jig  over  11.5  minutes.  This  mass  corresponds  to  a  uniform  layer  of  water-ice 
0.77  |Ltm  thick. 
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Figure  3.  BJ5  QCM  debris  shield  results. 
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Figure  4.  BJ5  QCM  without  debris  shield  results. 
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CONCLUSIONS 

Measurements  performed  in  the  BJ5  super-dome  mode  indicate  that  an  accumulated 
mass  thickness  between  0.2  jj.m  to  0.5  [im  is  possible  during  a  40  minute  run,  when  the 
sample  is  mounted  on  the  holder  with  the  debris  shield  and  baffle  stack.  Less  accumulated 
mass  is  expected  in  the  BJ5  mini-dome,  because  the  sample  is  well  protected  from  the 
vacuum  environment.  For  samples  directly  exposed  to  the  BJ5  environment,  the  accumu- 
lated mass  deposit  ranges  in  thickness  between  0.8  Jim  to  3.5  Jim  during  an  exposure  of  40 
minutes.  The  BJ5  environment  is  clearly  contaminated.  The  data  suggest  that  water  is  the 
dominant  contaminant.  Grease,  oil,  and  other  hydrocarbon  derivatives  are  also  assumed  to 
be  present  in  small  quantities.  The  kapton  debris  shield  reduced  mass  deposits  on  the  QCM 
by  10.8%.  The  shield  not  only  acted  as  a  physical  barrier,  but  also  as  a  cryogenic  trap. 
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OBSERVATIONS  ON  PERIODICAL  CICADAS 

(BROOD  XIV)  IN  INDIANA  IN  1991 
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ABSTRACT:  Periodical  cicadas  (Magicicada  cassini,  M.  septendecim,  and  M.  septendecula)  of  the 
17-year  brood  XIV  emerged  in  1991  in  14  Indiana  counties.  The  emergence  was  heaviest  in  Brown, 
Crawford,  Floyd,  Harrison,  Perry,  and  Ripley  Counties.  Light  scattered  emergences  were  found  in 
Bartholomew,  Dearborn,  Dubois,  Grant,  Fountain,  Franklin,  Putnam,  and  Washington  Counties. 
Emergence  was  reconfirmed  in  five  of  the  six  counties  where  the  brood  XIV  cicadas  appeared  in 
1974.  One  new  county  record  was  also  found.  A  concerted  effort  to  check  counties  with  nine- 
teenth century  emergence  records  located  pockets  of  periodical  cicadas  in  eight  counties.  In  some 
cases,  periodical  cicadas  had  not  been  recorded  in  those  counties  since  the  1889  emergence. 

DISCUSSION 

Periodical  cicadas  of  brood  XIV  emerged  in  parts  of  central  and  southern  Indiana  dur- 
ing May  and  June  1991.  Fourteen  counties  witnessed  the  emergence  with  Brown,  Crawford, 
Floyd,  Harrison,  Perry,  and  Ripley  Counties  having  the  heaviest  infestation,  while 
Bartholomew,  Dearborn,  Dubois,  Grant,  Fountain,  Franklin,  Putnam,  and  Washington  Coun- 
ties reported  light  and  scattered  emergences. 

The  last  emergence  of  brood  XIV  in  1974  was  reported  to  have  centered  in  six  coun- 
ties: Brown,  Morgan,  Crawford,  Harrison,  Perry,  and  Washington  Counties  (Young,  1975). 
In  1991,  all  but  Morgan  County  recorded  the  reemergence  of  the  periodical  cicadas. 

The  emergence  began  in  the  southern  part  of  the  State  on  May  8  with  the  greatest 
emergences  occurring  on  May  13.  Oviposition  commenced  on  May  20  with  the  last  of  the 
cicadas  heard  until  June  20. 

As  was  done  in  1987  with  the  emergence  of  brood  X  (Young  and  Kritsky,  1988),  the 
county  agents  in  each  county  with  historical  records  of  brood  XIV  cicadas  were  contacted 
to  determine  if  they  had  received  reports  or  made  observations  of  periodical  cicadas  in  1991. 
The  letters  were  sent  at  the  height  of  the  emergence  before  the  annual  cicadas  appeared  to 
lessen  the  possibility  of  confusion  of  the  periodical  cicadas  with  the  annual  cicadas.  Five 
of  these  county  agents  reported  small  emergences.  In  some  cases,  these  were  the  first  records 
of  brood  XIV  cicadas  in  those  counties  since  1889.  This  "reappearance"  is  likely  due  to 
the  small  scattered  nature  of  these  emergences,  which  caused  the  brood  XIV  cicadas  to  go 
unnoticed  during  past  emergences.  In  Dearborn  County,  significant  publicity  from  the  Cin- 
cinnati media  alerted  the  public,  who  responded  to  the  emergence  by  contacting  the  first 
author  directly.  Investigation  revealed  extremely  scattered  emergences  of  only  a  few  indi- 
viduals in  three  locations.  Emergence  holes,  skins,  adults,  and  isolated  singing  males  were 
found. 
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Figure  1.  The  1991  emergence  of  the  periodical  cicada  brood  XIV  in  Indiana.  The  large 
circles  represent  heavy  emergences,  and  the  small  circles  represent  light  and  scattered 
emergences. 
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Kritsky  (1988)  analyzed  the  historical  record  of  the  periodical  cicadas  and  has  shown 
that  brood  XIV  cicadas  have  been  declining  in  Indiana  during  the  past  two  centuries.  This 
year's  emergence  continues  the  decline  of  brood  XIV.  Indeed,  brood  XIV  occupied  much 
of  the  southern  half  of  Indiana  in  the  nineteenth  century,  being  consistently  reported  in  23 
counties.  The  nine  counties  where  brood  XIV  has  disappeared  overlap  with  the  region 
where  brood  X  is  the  heaviest  (Young  and  Kritsky,  1988).  It  is  likely  that  this  decline  was 
the  result  of  four  year  accelerations  of  brood  XIV  into  brood  X.  This  would  account  for 
the  heavy  populations  of  brood  X  in  the  south-central  counties  and  the  disappearance  of 
brood  XIV  in  the  same  region. 

The  next  expected  emergences  of  periodical  cicadas  in  Indiana  are  brood  XXIII  in  2002 
in  southwestern  Indiana  (Young  and  Kritsky,  1990),  brood  X  in  2004  in  the  extreme  north 
and  the  southern  half  of  the  State  (Young  and  Kritsky,  1988),  brood  XIII  in  2005  in  three 
northwestern  counties  (Kritsky  and  Young,  1991),  and  brood  XIV  again  in  2008.  A  care- 
ful watch  should  be  made  in  the  year  2000  to  determine  if  four-year  accelerations  of  brood 
X,  reported  throughout  this  century  (Kritsky,  1988),  signal  the  appearance  of  a  new  brood 
in  Indiana  which  would  be  designated  brood  VI. 
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THE  NICKEL(II)-DIMETHYLGLYOXIME  COMPLEX: 

A  NEW  USE  FOR  AN  OLD  COMPOUND 

A.J.C.L.  Hogarth 

Ross  Laboratories 
625  Cleveland  Avenue 
Columbus,  OH  43215 

ABSTRACT:  The  nickel(II)-dimethylglyoxime  complex  can  be  used  to  standardize  EDTA  solu- 
tions. The  conditions  required  for  the  preparation  and  purification  of  the  complex  are  described  in 
this  paper.  In  addition,  the  results  of  quantitative  experiments  using  the  complex  are  compared 
with  those  obtained  using  more  conventional  methods  of  EDTA  standardization.  The  method  de- 
scribed is  quick,  economical,  and  easy  to  incorporate  into  an  undergraduate  analytical  chemistry 
laboratory. 

INTRODUCTION 

Nickel  is  an  element  of  interest,  especially  in  undergraduate  inorganic  chemistry 
courses,  where  it  is  used  in  demonstrations  of  both  qualitative  and  quantitative  analysis. 
The  strawberry-colored  nickel(II)-dimethylglyoxime  complex  is  used  to  demonstrate  a  se- 
lective reaction,  precipitation  from  a  homogeneous  solution,  solubility  equilibria,  and  so 
on. 

The  nickel-dimethylglyoxime  complex,  with  the  formula  NiCgH14N404,  continues  to 
be  used  for  the  gravimetric  determination  of  nickel.  The  complex  precipitates  from  a  mildly 
alkaline  solution  and  is  very  insoluble  in  water.  To  be  a  satisfactory  material  for  use  in 
gravimetric  determinations,  a  precipitate  must  have  the  following  properties: 

1 .  It  must  be  insoluble  in  the  medium  from  which  it  is  ultimately  to  be  precipi- 
tated; 

2.  It  must  be  resistant  to  air  oxidation; 

3.  It  must  be  heat  stable  to  temperatures  of  120°  C; 

4.  It  must  be  easily  filterable  after  precipitation; 

5.  Its  final  form  must  be  one  of  constant  stoichiometry;  and 

6.  It  must  be  produced  in  a  highly  pure  form. 

Occasionally,  some  compromises  are  made  in  the  above  specifications:  solubility  (e.g., 
potassium  perchlorate)  and  drying  (e.g.,  calcium  oxalate  monohydrate).  However,  most 
common  gravimetric  materials  encountered  possess  these  six  properties. 

The  nickel-dimethylglyoxime  complex  is  such  a  material,  and  it  can  be  used  as  a  pri- 
mary standard  against  which  EDTA  solutions  may  be  standardized.  This  paper  explores 
some  possibilities  with  regard  to  using  the  complex  as  a  standard  material  and  outlines  the 
experimental  details  of  doing  so. 

MATERIALS  AND  METHODS 

Preparation  of  the  Nickel-Dimethylglyoxime  Complex.  Nickel  sulfate  hexahydrate 
(4.0  g)  was  dissolved  in  150  mL  of  distilled  water  at  about  50°  C  in  a  400-mL  beaker. 
Dimethylglyoxime  solution  (10%  w/v  in  50:50  methanol-isopropanol  solvent)  was  added 
in  sufficient  quantity  to  ensure  complete  precipitation,  when  the  solution  was  made  alka- 
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Table  1 .  Results  of  the  microanalysis  of  the  nickel-dimethylglyoxime  complex. 

Element             Expected  %  Found  % 

C                     33.26  33.28 

H                       4.88  4.88 

N                      19.39  19.41 

Ni                     20.32  20.30 


line  (pH  9  to  10)  with  aqueous  ammonia.  The  solution  was  stirred  well  and  kept  at  50°  C 
to  60°  C  for  about  one  hour  to  aid  precipitation.  The  resulting  mixture  was  then  filtered 
through  fluted  filter  paper,  washed  several  times  with  distilled  water,  and  dried  in  an  oven 
at  150°  C  for  two  to  three  hours.  The  elevated  temperature  ensured  that  any  free 
dimethylglyoxime  was  removed  by  volatilization.  Prior  to  use,  the  complex  was  dried  for 
one  hour  at  120°  C,  after  which  the  complex  was  stored  in  a  brown  glass,  screw-capped 
bottle.  The  results  of  microanalysis  for  carbon,  hydrogen,  nitrogen,  and  nickel  are  given 
in  Table  1 . 

Solubility  Testing.  This  testing  was  performed  with  the  objective  of  producing  a  so- 
lution which  could  be  buffered  appropriately  for  titration.  Several  solvents  were  tested: 
cyanide  solutions  worked  well  but  seemed  unnecessarily  toxic,  while  strongly  alkaline  so- 
lutions were  difficult  to  buffer  effectively.  Mineral  acid  was  the  most  effective  solvent. 
However,  nitric  acid  could  not  be  used,  because  traces  of  nitrate  apparently  oxidize  the 
titration  indicator,  resulting  in  poor  titration  end-points. 

The  following  procedure  was  finally  settled  upon.  Dry  the  complex  in  an  oven  for 
one  hour  at  120°  C,  allow  the  complex  to  cool,  and  then  accurately  weigh  about  1.7  g  into 
a  400-mL  beaker.  Add  100  mL  of  distilled  water,  and  heat  to  boiling.  Place  a  medium 
sized  glass  powder  funnel  into  the  mouth  of  the  beaker  to  reduce  spattering,  and  then  in- 
troduce, dropwise,  concentrated  sulfuric  acid  until  the  solid  material  just  dissolves  (3  mL 
or  less).  Quantitatively  transfer  this  solution  to  a  250-mL  volumetric  flask,  and  dilute  to 
the  mark  with  distilled  water.  This  solution  was  found  to  be  stable  for  at  least  24  hours, 
although  a  slight  haze  was  noticed  with  some  solutions.  After  longer  periods  of  time,  white, 
needle-like  crystals  may  precipitate.  The  crystals  were  found  to  be  dimethylglyoxime  (based 
on  IR  spectrum  and  melting  point  data). 

Performing  the  Titration.  Place  about  10  mL  of  the  nickel  solution  (graduated  cyl- 
inder) into  a  small  beaker.  Add  IN  sodium  hydroxide  solution  dropwise  until  the  solution 
pH  reaches  3,  as  indicated  with  pH  paper.  Count  the  number  of  drops  used.  THE  SOLU- 
TION MUST  BE  MIXED  CAREFULLY  TO  AVOID  LOCALIZED  HIGH  pH. 

Pipette  25  mL  of  the  nickel  solution  into  a  250  mL  Ehrlenmeyer  flask,  add,  with  mix- 
ing, 2.5  times  as  many  drops  of  IN  sodium  hydroxide  solution  as  were  added  to  the  10 
mL  nickel  solution  sample.  Then,  add  15  mL  of  acetic  acid  (5M)/sodium  acetate  (anhy- 
drous, 1 1.3  g/L)  buffer  to  adjust  the  pH  to  about  3.5.  Add  four  drops  of  copper(II)/EDTA 
solution  (mix  equal  volumes  of  0.1  M  solutions  of  EDTA  and  copper(II)  sulfate)  and  enough 
PAN  indicator  (0.1  g  in  100  mL  of  ethanol)  to  produce  a  rose/violet  color  (Flaschka  and 
Abdine,  1956).  Heat  the  mixture  to  boiling,  and  titrate  with  approximately  0.1M  EDTA 
solution  to  a  yellow-with-green  tint  end-point.  This  end-point  requires  a  little  practice  to 
identify  correctly.  The  color  sequence  prior  to  the  endpoint  is:  rose/violet  to  true  violet  to 
a  grayish  intermediate  color  with  a  slower  reaction  time  towards  end-point  to  a  greenish/ 


Vol.  101  (1992)  Indiana  Academy  of  Science  65 

Table  2.  Titration  results  (EDTA  molarity).  In  each  case,  fifteen  determinations  were  made. 

Nitric  Acid  Digest  Sulfuric  Acid  Preparation 

0.05744  0.05746 

0.05744  0.05745 

0.05748  0.05745 

0.05751  0.05747 

Average  0.05748  ±  0.00004  0.05747  ±  0.00004 

yellow  end-point.  As  the  end-point  is  approached,  the  titrant  must  be  added  slowly.  The 
process  can  be  speeded  up  considerably  after  the  first  titration  by  adding  most  of  the  titrant 
at  the  beginning,  returning  the  solution  to  boiling,  and  completing  the  titration  dropwise. 

RESULTS  AND  CONCLUSIONS 

The  results  of  several  titrations  of  the  EDTA  into  nickel  solutions  prepared  using  two 
different  methods  are  given  in  Table  2.  The  method  of  dissolving  the  nickel- 
dimethylglyoxime  complex  in  a  sulfuric  acid  medium  is  compared  with  the  more  conven- 
tional method  of  dissolving  it  in  concentrated  nitric  acid.  The  results  (Table  2),  represent- 
ing only  a  few  of  those  actually  obtained  while  testing  the  titration,  exemplify  the  quality 
of  the  preparation  method.  A  statistical  comparison  of  the  two  sets  of  results  showed  that 
they  are  identical,  and  further  titration  data  using  solutions  prepared  independently  from 
highly  purified  nickel  foil  also  agreed  with  those  in  Table  2. 

No  major  difference  between  the  two  sets  of  results  was  found  that  would  set  them 
apart  from  one  another,  except  for  the  time  taken  for  solution  preparation.  The  sulfuric 
acid  preparation  takes  approximately  20  minutes,  while  the  nitric  acid  digest  takes  about 
80  minutes.  What  is  clear,  however,  is  that  the  nickel(II)-dimethylglyoxime  complex  can 
be  used  as  a  standard  material.  It  is  stable  and  easily  stored  and  dried,  it  exists  in  a  weigh- 
able  form,  and  it  is  produced  in  a  pure  form  during  the  course  of  a  classical  gravimetric 
analysis  for  nickel.  At  the  very  least,  it  could  be  used  as  the  basis  of  an  exercise  in  quanti- 
tative analysis. 
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THE  ELEMENTAL  ANALYSIS  OF  AN  ALLOY: 

AN  ANALYTICAL  SCHEME 

TO  EMPHASIZE  CATION  CHEMISTRY 
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Department  of  Chemistry 

DePauw  University 
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ABSTRACT:  The  analytical  scheme  begins  with  a  weighed,  50  to  75  mg  alloy  sample.  Experi- 
mentally, eleven  elements,  Sn,  Pb,  Ag,  Fe,  Mn,  Mg,  Cu,  Ni,  Al,  Zn,  and  Cr,  can  be  detected  and 
semi-quantitatively  estimated  in  the  sample.  Separation  of  the  constituents  is  based  upon  their  ox- 
ide properties,  control  of  their  oxidation  states,  and  their  specific  complexation  chemistry.  Neither 
hydrogen  sulfide  nor  the  sulfide  ion  is  used  in  this  procedure.  The  presence  of  as  little  as  0.5  mg 
of  an  element  in  the  sample  is  easily  detected  and  estimated. 

INTRODUCTION 

Qualitative  inorganic  analysis  was  formerly  offered  as  a  separate  course  during  the 
training  of  a  chemist.  As  late  as  1950,  78%  of  the  colleges  (based  on  a  sample  size  of 
160)  offered  a  separate  course  in  qualitative  analysis  (American  Chemical  Society,  1950). 
In  1966,  Kron  reported  that  only  17%  (based  on  a  sample  size  of  413)  offered  a  separate 
course  in  qualitative  analysis;  the  remaining  83%  of  the  colleges  offered  qualitative  analy- 
sis as  part  of  the  second  semester  of  the  introductory  chemistry  course.  Kron's  study  is 
the  most  recent  survey  of  the  place  of  qualitative  analysis  in  the  chemistry  curriculum.  In 
the  second  group  of  colleges,  11%  demanded  less  than  six  weeks  of  laboratory  work  in 
qualitative  analysis.  In  some  schools,  even  though  no  formal  scheme  of  qualitative  analy- 
sis was  used,  the  students  performed  qualitative  analytical  exercises  (e.g.,  Frank,  1957; 
Thompson  and  Bixler,  1971;  Handler,  et  al,  1982). 

When  qualitative  inorganic  analysis  is  offered  in  general  chemistry,  the  net  result  seems 
to  be  a  less  critical  examination  of  the  subject.  In  the  majority  of  cases,  the  scheme  of 
qualitative  analysis  that  is  studied  consists  of  idealized  procedures  involving  solution  samples 
which  have  been  compounded  to  eliminate  interfering  substances  and  to  contain  approxi- 
mately the  same  amounts  of  the  constituent  species.  The  American  Chemical  Society  sur- 
vey (1950)  noted  that  a  marked  tendency  exists  to  omit  Bi,  Mg,  Mn,  and  Sr  and  to  a  lesser 
extent,  As,  Sb,  and  Sn  from  the  cation  scheme  in  the  general  chemistry  laboratory. 

RATIONALE 

Advances  in  analytical  chemistry  as  a  result  of  modern  technology  that  allow  for  the 
use  of  non-destructive  methods  to  analyze  complex  mixtures  make  the  traditional  scheme 
of  qualitative  inorganic  analysis  obsolete.  However,  to  employ  some  spectroscopic  meth- 
ods, it  is  necessary  to  chemically  remove  certain  interfering  constituents  by  quantitative 
analytical  procedures  prior  to  their  analysis.  Moreover,  this  scheme  of  analysis  has  peda- 
gogical merit  for  the  same  reasons  that  are  stated  in  the  literature  by  Swift  (1950),  Freiser 
(1957),  and  Cole  and  Waggoner  (1983): 
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SOME  REACTIONS  OF  CHROMIUM 

Cr+ 

NaOH                              1      H2O2-10F 
3                  ».          CrfOH).                                 ■> 

Cr04"2 

A 

H+ 

H2S04 

Pb+2 

CroG7           roz>v±       ■  w^ 

A 

H2O2-10F 

Cr+3 

Dilute  to  10  mL  and  measure  the  %  Transmittance  at  590  nm.    Measure  %  T 

of  Chromium  (III)  stock  solution  (0.125  M),  2.0  mL  diluted 

to  10  mL. 

Compare  percentage  recovery. 

Figure  1.  An  outline  of  the  experiment  on  chromium  chemistry. 

1.  The  student  studies  an  analytical  scheme.  Real  substances,  metallic  alloys, 
are  analyzed.  The  use  of  alloys  presents  a  challenge  that  prepared  solution 
unknowns  do  not.  Otto  and  Otto  (1939)  reported  that  the  success  rate  for  re- 
porting cations  in  solution  unknowns  is  83.3%  (based  on  a  sample  size  of 
13,395)  and  that  the  success  rate  drops  to  73.8%  (based  on  a  sample  size  of 
6,807)  using  solid  unknowns. 

2.  The  analysis  of  a  small  sample,  50  to  75  mg,  provides  an  impetus  for  devel- 
oping good  laboratory  technique. 

3.  The  student  sees  descriptive  inorganic  chemistry  in  action.  In  this  scheme, 
group  separations  are  based  in  large  part  upon  the  oxide  properties  of  the  ele- 
ments, the  control  of  their  oxidation  state  during  the  analysis,  and  the  com- 
plexation  chemistry  of  the  individual  elements. 

4.  The  semi-quantitative  estimation  of  the  amount  of  each  constituent  element 
in  the  alloy  creates  an  awareness  of  the  importance  of  the  concept  of  material 
balance  throughout  the  procedure.  The  student  does  stoichiometric  calcula- 
tions using  balanced  chemical  equations,  which  should  give  relevance  to  the 
importance  of  numbers  in  chemistry. 

5.  Performing  the  analytical  scheme  places  the  student  in  an  active  learning  en- 
vironment. Students  make  decisions  and  reach  conclusions  that  are  derived 
from  their  individual  observations. 
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SEPARATION  INTO  GROUPS  AND  SUBGROUPS 
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Figure  2.  The  separation  of  the  elements  into  groups  and  subgroups. 


AMPHOTERIC  ELEMENT  GROUP 


CKV2,  Cu(OH)3-        KMn°4 


■ —  MnQ2  (discard) 


AI(OH)4",  Zn(OH)4 
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Figure  3.  Separation  of  the  amphoteric  group  into  subgroups. 
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ESTIMATION  AND  CONFIRMATION   ELEMENTS 


Tin 


HCI     onr,  -2    NH4CH 
SnOo.xH20     ^SnCI6     


, —  Soln. 
(discard) 


HgCI2 


HCI 
I— SnQ2.xH?Q  -*-  SnCI4'2    »-  -  Hg-Hg2CJa 


(c.p)  Fe  nail 


Lead 

HC2H302  +    K2Cr04 

PbSO, Pb(C2H302f    — — *      p-^< 

0.100  F         Yellow    (tit.) 


white  to  grey 


NH4C2H302 

A 

Silver 

KCI                    AgCI           NH4CH              .    ,KIU             Kl 
a   +   ^      -2 — * *.  Ag  NH32      »►    AgJ 

AQ       0.200  F  (tit.)  yel,ow 

Manganese  and  Iron  in  same  solution,  aliquots  taken 

H2S04  3       KSCN         FeSCN+2 

Mn       ►   Mn04  Fe       »- 

NaBi03  red  (c.c.) 

purple  (c.c.) 

Magnesium 

Mg+2  NaOH_ ^    MqfQH)2         ■ 

p-Nitrobenzene-  b|ue  |ake  (cp) 

azoresorcinol 


Figure  4.  The  estimation  and  confirmation  of  the  elements. 

In  connection  with  the  last  point,  the  study  by  Shamal  and  Stavy  (1986)  is  worth  cit- 
ing. Prior  to  studying  the  behavior  of  electrolyte  solutions  and  ionic  equilibria,  a  class  of 
71  high  school  seniors  was  divided  into  two  cognitively  matched  groups.  The  division 
was  based  on  the  results  of  the  paper  and  pencil  test  reported  by  Lawson  (1978)  and  the 
academic  performance  of  the  students  during  their  first  semester  chemistry  course.  One 
group,  the  experimental  group,  completed  a  25  hour  course  in  qualitative  analysis  before 
studying  the  topics  of  ionic  equilibria,  while  the  second  group,  the  control  group,  did  not. 
Both  groups  studied  two  chapters  on  ionic  equilibria  simultaneously.  Five  separate  tests 
were  given  over  these  chapters.  Their  tests  were  graded  by  two  other  high  school  chemis- 
try teachers.  The  average  scores  on  the  tests  were  70%  for  the  control  group  and  82%  for 
the  experimental  group,  suggesting  that  a  laboratory  experience  stressing  chemical  analy- 
sis preceding  its  theoretical  study  enhances  understanding  and  mastery  of  the  principles 
involved. 

THE  ANALYTICAL  SCHEME 

Of  the  many  qualitative  group  separation  procedures  in  the  literature  (e.g.,  Rich  (1984) 
cites  18),  only  the  text  by  Swift  and  Schaefer  (1962)  presents  a  procedure  involving  the 
separation,  identification,  and  estimation  of  24  elements  in  a  solid  sample.  Their  scheme 
is  an  adaptation  of  the  procedure  developed  at  the  California  Institute  of  Technology  for 
the  National  Research  Committee  in  1942  for  34  elements  (Swift  and  Niemann,  1954).  The 
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Figure  5.  The  estimation  and  confirmation  of  the  elements  (continued). 

analytical  scheme  described  in  this  paper  is  a  modification  of  the  scheme  developed  by 
Swift  and  Schaefer.  The  use  of  hydrogen  sulfide  or  the  sulfide  ion  is  eliminated  in  the 
separation  and  estimation  procedures  by  using  metallic  alloys  as  unknowns.  In  addition, 
sodium  bicarbonate  replaces  carbon  dioxide  during  the  separation  of  the  amphoteric  ele- 
ments in  this  procedure.  With  a  50  mg  sample,  a  trained  chemist  can  detect,  with  an  accu- 
racy of  10%,  any  element  that  is  present  in  an  amount  greater  than  one  percent.  Of  course, 
freshman  students  are  not  trained  chemists.  However,  the  better  students  will  find  those 
constituent  elements  that  are  present  in  an  amount  greater  than  three  or  four  percent  with 
an  accuracy  of  between  25%  and  50%.  In  six,  three-hour  laboratory  periods,  a  student  is 
able  to  analyze  two  to  three  alloy  samples. 

Initially,  each  student  performs  a  preliminary  exercise  that  covers  some  of  the  chem- 
istry of  chromium.  The  experimental  design  is  adapted  from  the  material  included  in  the 
Swift  and  Schaefer  (1962)  text.  The  preliminary  exercise  introduces  important  techniques, 
such  as  the  quantitative  separation  of  a  precipitate  from  a  centrifugate  using  a  Pasteur  drop- 
ping pipet  and  the  quantitative  dilution  of  a  solution  using  a  10-mL  graduate.  The  experi- 
mental calculations  employ  the  concept  of  material  balance  to  ascertain  the  results  which 
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Table  1 .  Analysis  of  a  German  silver  and  a  brass  alloy. 


German  Silver 

Element 

Percentage 
Present 

Faculty 

Percentage 
Found 

Student 
Average 

Cu 

63.3 

57 

41 

Ni 

15.9 

12 

6.4 

Pb 

0.30 

absent 

absent 

Fe 

0.20 

0.23 

trace 

Mn 

0.23 

trace 

absent 

Zn 

20.1 

14 

8.6 

Brass 

Cu 

86.2 

83 

70 

Sn 

4.7 

2.9 

trace* 

Pb 

4.7 

3.4 

1.8 

Zn 

3.6 

2.5 

absent 

Reported  by  only  one  student. 


can  be  expected  using  a  series  of  quantitative  reactions.  Figure  1  outlines  the  experiment, 
which  is  performed  in  15-mL  test  tubes.  Those  students  with  good  laboratory  technique 
recover  75%  to  90%  of  the  Cr.  This  recovery  rate  represents  a  loss  of  between  1.3  mg  and 
3.3  mg. 

To  provide  a  sound  introduction  to  a  real  analytical  procedure  and  to  avoid  the  use  of 
the  sulfide  ion  in  the  chemical  separations,  the  unknowns  are  alloys  that  may  contain  Sn, 
Pb,  Ag,  Fe,  Mn,  Mg,  Cu,  Ni,  Al,  Zn,  and  Cr  as  major  constituents.  Suitable  analyzed 
samples  (brass,  silver,  Dow  metal,  monel  metal,  German  silver,  steel,  and  zinc-aluminum 
alloys)  can  be  purchased  from  Thorn  Smith  Laboratories  (7755  Narrow  Gauge  Road, 
Beulah,  Michigan  49617).  Devarda's  alloy  and  lead-tin  solders  also  make  suitable  un- 
knowns. The  chemical  reactions  may  be  performed  in  a  50-mL  Erlenmeyer  flask  or  a  15- 
mL  test  tube.  Pasteur  dropping  pipets  with  bulbs  are  used  to  separate  precipitates  from 
their  centrifugates.  A  calibrated  Pasteur  pipet  (30  to  35  drops/mL)  is  used  in  titrations  and 
to  measure  known  quantities  of  the  element  being  determined  from  a  standard  solution  for 
comparative  purposes.  Quantitative  dilutions  are  made  using  either  a  10-mL  or  a  25-mL 
graduate. 

Figures  2  through  5  outline  the  analytical  scheme.  At  the  point  where  the  amount  of 
each  element  is  estimated,  abbreviations  are  used  to  refer  to  (1)  a  comparison  of  the  pre- 
cipitate size  of  the  compound  of  the  element  with  that  formed  from  a  known  amount  of 
the  element  (c.p.),  to  (2)  a  comparison  of  color  intensity  from  a  complex  of  the  element  in 
a  fixed  volume  of  solution  that  is  matched  to  that  produced  by  a  known  amount  of  the 
complex  of  the  element  in  the  same  volume  of  solution  (c.c),  or  to  (3)  the  titration  of  some 
chemical  species  which  can  be  related  to  the  amount  of  reagent  (tit.). 
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RESULTS 

Table  1  lists  the  results  that  were  obtained  using  this  analytical  scheme  on  two  alloys, 
German  silver  and  brass.  Each  alloy  was  analyzed  by  one  of  the  authors  and  by  a  pair  of 
freshman.  Predictably,  the  student  results  were  less  precise  than  those  of  the  faculty  mem- 
ber. However,  the  students  did  find  the  major  constituents.  One  result  does  not  appear  in 
the  table.  During  a  faculty  member's  analysis  of  the  German  silver,  3.3  mg  of  Cr +3  were 
added  after  the  dissolution  of  the  solid.  The  resulting  solution  was  carried  through  the  ana- 
lytical procedure,  and  2.7  mg  of  Cr  was  recovered. 

CONCLUSIONS 

The  demands  that  are  associated  with  this  analytical  procedure  will  increase  student 
confidence  in  their  ability  to  do  laboratory  work.  By  introducing  the  scheme  during  the 
first  semester  laboratory,  there  should  be  carry  over  to  other  laboratory  courses.  The  chal- 
lenge of  decision  making  during  the  analysis  will  stimulate  cognitive  awareness  within  the 
student.  Chemical  reactions  will  be  demonstrated  by  the  student  doing  the  chemistry.  The 
stoichiometric  calculations  become  real  rather  than  contrived.  Whether  the  scheme  is  rel- 
evant or  not  to  "real  world"  analysis,  it  does  require  that  students  do  chemistry  early  in 
their  chemical  education.  For  this  reason,  it  should  be  valuable  for  use  in  an  advanced 
high  school  chemistry  course  as  well  as  in  an  introductory  college  course. 

Copies  of  the  procedures  for  the  analytical  scheme  and  the  preliminary  exercise  on 
the  chemistry  of  chromium  can  be  obtained  from  the  authors.  Included  will  be  a  list  of 
reagents  with  their  concentrations  that  are  required  to  carry  out  the  analytical  procedures. 
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MICROBIAL  ACTIVITY  IN  SOIL-HYDROCARBON 
MIXTURES  AMENDED  WITH  CHROMIUM 


John  R.  Pichtel  and  Dale  A.  Scheidler 
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Muncie,  Indiana  47306 

ABSTRACT:  Landfarming  of  hazardous  petroleum  wastes  has,  until  recently,  been  a  common 
disposal  practice  in  the  United  States.  In  order  to  effectively  reclaim  a  decommissioned  petro- 
leum waste  landfarm,  a  stable  soil  is  needed.  Little  is  known  regarding  the  influence  of  metals 
within  oily  wastes  on  soil  microbial  activity  and  soil  recovery.  A  Glynwood  soil  (fine,  illitic,  mesic 
Aquic  Hapludalf)  was  treated  with  1%  (w/w)  petroleum  or  hexadecane  in  combination  with  five 
rates  of  Cr(III)  or  Cr(VI)  and  incubated  for  140  days  in  the  laboratory.  Soil  microbial  activity 
was  assessed  via  respiration  and  enumeration  of  microbial  populations.  Microbial  respiration  was 
significantly  (p  <  0.05)  increased  by  addition  of  the  hydrocarbons  but  partially  inhibited  by  either 
species  of  Cr.  Numbers  of  soil  fungi  increased  with  the  hydrocarbon  additions,  but  bacterial  num- 
bers decreased.  Fungi  were  more  sensitive  to  Cr  additions  than  were  bacteria.  By  the  completion 
of  the  incubation,  most  of  the  added  Cr(VI)  had  been  reduced  to  Cr(III).  Oxidation  of  Cr(III)  to 
Cr(VI)  was  not  detected.  The  results  of  this  study  indicate  that  newly-closed  petroleum  land  treat- 
ment facilities  may  experience  impaired  organic  matter  turnover  and  delayed  soil  recovery  as  a 
result  of  Cr-induced  microbial  inhibition. 

INTRODUCTION 

Soil  incorporation  (landfarming)  of  hazardous  petroleum  industry  wastes  has  been 
discontinued  in  the  United  States  as  a  result  of  the  implementation  of  the  Resource  Con- 
servation and  Recovery  Act  and  The  Toxic  Substances  Control  Act.  Until  recently,  a 
variety  of  refinery  wastes  had  been  land-applied,  including  crude  and  distillate  tank 
cleanings,  filter  clays  from  jet  oil,  and  biological  sludge  from  wastewater  treatment  (Earth 
Systems,  1985;  Hornick,  et  al,  1983). 

A  common  landfarm  closure  technique  involves  conversion  of  the  treated  site  to 
permanent  vegetative  cover.  In  order  to  maintain  vegetation,  however,  a  stable  soil  is 
necessary.  An  understanding  of  the  interaction  of  refinery  waste  components  with  in- 
digenous microbes  capable  of  degrading  the  waste  constituents  and  cycling  nutrients  is 
needed  to  assess  soil  stabilization  in  such  extreme  environments.  Certain  petroleum  waste 
constituents  can,  if  accumulated,  alter  normal  soil  chemical  and  biological  reactions 
(Mott,  etal,  1990). 

Refinery  wastes,  in  addition  to  containing  a  suite  of  potentially  hazardous  organics 
(Speight,  1980;  Atlas,  1975),  contain  variable  quantities  of  chromium  (Cr).  If 
landfarming  is  used  for  long  periods  for  the  disposal  of  such  wastes,  Cr  will  accumu- 
late in  the  surface  soil.  Concentrations  of  Cr  may  be  sufficiently  high  to  inhibit  the 
native  soil  microbial  populations  which  are  critical  to  the  maintenance  of  a  stable  soil. 

Information  is  lacking  on  the  specific  short-term  effects  of  Cr  on  microbial  activity 
in  soils  which  have  experienced  heavy  loading  of  petroleum  refinery  wastes.  It  is  im- 
portant to  determine  whether  an  accumulation  of  Cr  will  be  a  serious  obstacle  to  soil 
stabilization,  following  petroleum  landfarm  closure.  The  purpose  of  this  study  was  to 
investigate  the  influence  of  various  combinations  of  hydrocarbons  as  well  as  Cr(III)  and 
Cr(VI)  on  the  activity  and  numbers  of  heterotrophic  microbes  in  soil. 
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Figure  1.  Carbon  dioxide  evolution  from  the  Glynwood  soil  amended  with  petroleum 
and  five  rates  of  Cr(III). 


Figure  2.  Carbon  dioxide  evolution  from  the  Glynwood  soil  amended  with  hexadecane 
and  five  rates  of  Cr(III). 
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MATERIALS  AND  METHODS 

Sample  collection  and  preparation.  Glynwood  silt  loam  (fine,  illitic,  mesic  Aquic 
Hapludalf;  pH  6.2,  0.85%  organic  carbon)  was  collected  from  the  upper  25  cm  of  a  field 
cropped  to  a  corn  {Zea  mays  L.)-soybean  (Glycine  max  (L.)  Merr.)  rotation  near  New 
Albany,  Indiana.  Soil  samples  were  composited,  air-dried,  and  sieved  through  a  2-mm 
mesh  sieve. 

Incubations  and  measurements.  Crude  petroleum  (0.2%  N,  pH  5.5)  (Country  Mart 
Cooperative,  Inc.,  Mt.  Vernon,  IN)  and  a  pure  hydrocarbon,  n-hexadecane 
(CH3(CH2)14CH3),  were  applied  to  the  soil  in  the  laboratory  on  a  1%  weight  basis  as 
hydrocarbon  test  substances.  Petroleum  characteristically  contains  a  broad  array  of 
aliphatics,  aromatics,  and  alicyclics  (Speight,  1980),  and  the  hexadecane  has  been  em- 
ployed in  other  studies  (Jensen,  1977)  to  simulate  the  aliphatic  petroleum  fraction.  The 
hydrocarbons  were  added  drop  wise  evenly  over  the  soil  surface.  Chromium  was  added 
either  as  a  CrCl3  or  K2Cr207  solution  leading  to  final  concentrations  of  0,  10,  100,  and 
200  jig  Cr/g  soil  (dry  weight  basis).  All  treatments  were  run  in  triplicate. 

Microbial  activity  within  the  hydrocarbon-  and  Cr-treated  soil  samples  was  assessed 
via  soil  microbial  respiration  and  enumeration  of  microbial  populations.  Respiration 
was  measured  within  airtight  soil  microcosms  (Gillet  and  Witt,  1978).  To  0.95-liter  (1 
qt.)  mason  jars,  distilled  water  (or  Cr  solution)  was  added  to  triplicate  200  g  samples  to 
bring  the  mixtures  to  0.03  MPa  field  capacity  as  measured  by  a  soil  tensiometer.  All 
microcosms  were  incubated  at  room  temperature  (22  ±  2°  C)  and  opened  at  weekly  in- 
tervals to  allow  for  exchange  of  gases. 

The  C02  produced  was  trapped  in  a  vial  containing  10  mL  of  1M  NaOH  that  was 
removed  from  each  microcosm  at  Day  3  and  Weeks  1,  2,  3,  5,  10,  and  20.  A  solution 
of  3M  BaCl^  was  added  to  the  vials,  and  the  C02  trapped  in  the  alkali  was  determined 
by  titration  with  1M  HC1  (Stotzky,  1965). 

At  20  weeks,  microbial  numbers  were  estimated  using  a  spread  plate  procedure 
(Koch,  1981).  Soil  samples  (1  g)  were  removed  from  each  microcosm,  diluted  in  dis- 
tilled H20,  and  plated  in  triplicate.  Standard  plate  count  agar  (Difco,  Detroit,  MI)  was 
used  for  total  bacterial  counts  and  malt  extract  agar  (Difco)  for  total  fungi.  Plates  were 
incubated  in  the  dark  at  room  temperature  for  6  days. 

After  20  weeks,  free  and  adsorbed  Cr(VI)  was  measured  in  the  Cr(III)-  and  Cr(VI)- 
treated  microcosms  using  the  s-diphenyl  carbazide  method  (Bartlett  and  James,  1979). 
In  the  method,  a  soil  sample  is  extracted  with  0.06M  KH,P04,  and  the  Cr(VI)  in  the 
extract  is  reacted  with  s-diphenyl  carbazide  reagent  to  form  a  magenta  color. 

Respiration  and  microbial  population  data  were  subjected  to  one-way  analysis  of 
variance  and  a  t-test  for  independent  means,  respectively.  All  statistical  tests  were  con- 
ducted using  SPSSX  through  a  VAX  11/785  operation  system  (SPSS,  1986). 

RESULTS  AND  DISCUSSION 

Carbon  dioxide  evolution.  Microbial  respiration  patterns  in  all  hydrocarbon-Cr 
mixtures  were  similar,  regardless  of  whether  the  soil  was  treated  with  petroleum  or 
hexadecane  (Figs.  1-4).  Respiration  was  maximal  up  through  Day  7,  due-to  the  initial 
wetting  of  the  soil  and  subsequent  reactivation  of  microbial  activities,  and  increased  only 
gradually  thereafter.  Respiration  also  leveled  off  due  to  depletion  of  easily  degradable 
substrate  (e.g.,  short-chain  linear  alkanes).  The  microflora  then  utilized  organic  matter 
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Figure  3.  Carbon  dioxide  evolution  from  the  Glynwood  soil  amended  with  petroleum 
and  five  rates  of  Cr(VI). 


Figure  4.  Carbon  dioxide  evolution  from  the  Glynwood  soil  amended  with  hexadecane 
and  five  rates  of  Cr(VI). 
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Table  1.  Microbial  numbers  in  the  Glynwood  soil  as  affected  by  hydrocarbon  and  Cr(III) 
treatment. 


Cr(III) 

Total 

Total 

Hydrocarbon 

Rate 

Bacteria 

Fungi 

(M-g/g) 

( 

lOVgsoil 

) 

Petroleum 

0 

7.4 

± 

4.7 

38.0 

±  3.7 

10 

7.0 

± 

0.45 

5.3 

±  1.7 

100 

5.3 

+ 

0.050 

6.9 

±  2.1 

200 

5.9 

± 

0.11 

0.4 

±  0.10 

Hexadecane 

0 

1.2 

± 

0.04 

2.2 

±  0.50 

10 

0.080 

± 

0.01 

1.8 

±  0.90 

100 

0.050 

± 

0.01 

0.20 

±  0.05 

200 

0.040 

± 

0.01 

0.40 

±  0.08 

Control 

- 

21.7 

± 

1.1 

3.3 

±  0.60 

more  resistant  to  decomposition. 

Respiration  in  all  hydrocarbon  treatments,  regardless  of  the  Cr  species  or  applica- 
tion rate,  was  significantly  (p  <  0.05)  above  the  control  at  all  sampling  dates  after  Day 
3.  By  Day  140,  respiration  in  the  hexadecane/Cr  and  petroleum/Cr  treatments  (zero  Cr 
rate)  both  averaged  2.7-times  that  of  the  control. 

Both  Cr(VI)  and  Cr(III)  were  inhibitory  to  soil  microflora  (Figs.  1-4).  Cumulative 
respiration  decreased  with  increased  rates  of  Cr,  whether  as  trivalent  or  hexavalent.  The 
lowest  respiration  observed  in  the  hydrocarbon  treatments  was  at  200  (ig  Cr(VI)/g  soil: 
6.2  and  5.7  (imol  C02/g  in  the  hexadecane  and  petroleum  treatments,  respectively. 

Microbial  respiration  was  greater  in  the  Cr(III)-  compared  to  the  Cr(VI)-treated  soil 
(Figs.  1-4),  although  the  differences  were  not  significant.  Hexavalent  Cr  was  found  to 
be  more  toxic  to  microbes  incubated  in  a  soil  extract  than  was  trivalent  Cr  (Ross,  et  al., 
1981). 

Microbial  populations.  Microbial  numbers  were  affected  by  both  hydrocarbon  type 
and  Cr  application  rate  (Table  1).  Bacterial  numbers  were  66%  lower  in  the  petroleum 
treatment,  zero  Cr  rate,  compared  to  the  soil-only  control.  In  contrast,  the  fungal  num- 
bers were  91%  higher  compared  to  the  control.  Soil  fungi  are  known  to  be  more  effi- 
cient than  bacteria  in  oily  waste  decomposition,  and  a  wide  array  of  fungi  are  known  to 
metabolize  hydrocarbons,  including  crude  oil  (Perry  and  Cerniglia,  1973;  Llanos  and 
Kjoller,  1976;  Hornick,  et  al,  1983). 

With  increased  Cr  application  rate,  the  numbers  of  bacteria  and  fungi  decreased 
(Table  1).  Populations  of  bacteria  and  fungi  were  significantly  different  in  both  hydro- 
carbon treatments.  Fungi  were  more  sensitive  to  Cr  than  were  the  bacteria.  An  86% 
decrease  in  the  number  of  fungal  colonies  occurred  in  the  petroleum-treated  soil  with 
application  of  10  (ig  Cr/g,  while  bacterial  numbers  were  essentially  unchanged.  At  the 
200  (ig  Cr/g  rate,  fungi  and  bacteria  decreased  by  99%  and  20%,  respectively. 

Chromium  transformations.    At  the  completion  of  the  incubation,  most  of  the 
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Table  2.  Cr(VI)  remaining  in  microcosms  at  the  completion  of  incubation. 


Hydrocarbon 


Cr(VI)                        Cr(VI) 
added                       remaining 
( M-g/g  dry  soil ) 


Cr(VI) 

reduced 

(%  of  added) 


Petroleum 


0 

10 

100 

200 


0.60 
0.39 
35.0 
48.0 


97 
65 
76 


Hexadecane 


0 

10 

100 

200 


0.40 
1.0 
43.0 
60.0 


90 

57 
70 


Control 


0.90 


added  Cr(VI)  was  not  recovered  (Table  2).  The  Cr(VI)  not  recovered  had  either  been 
reduced  to  an  insoluble  form  of  Cr(III)  (e.g.,  Cr(OH)3)  or  had  been  precipitated  or  tightly 
adsorbed  by  the  soil  as  anionic  Cr(VI)  (e.g.,  HCr04 ,  Cr042)  (James  and  Bartlett,  1983; 
Rai,  et  ai,  1989).  Chromium(VI)  is  strongly  oxidizing,  as  shown  by  its  stability  only 
under  high  redox  potentials  (Rai,  et  ai,  1989).  In  aerobic  soils,  easily  oxidized  organic 
compounds  act  as  reducing  agents  for  Cr(VI).  The  hexadecane  and  various  components 
of  the  petroleum  may  have  served  as  reducing  agents. 

Chromium(III)  in  the  microcosms  may  also  have  been  oxidized.  Chromium(III) 
oxidation  to  Cr(VI)  is  plausible  in  aerobic  soils,  the  main  oxidants  being  the  higher  valent 
Mn  oxides  (Rai,  et  ah,  1989).  Total  Mn  in  the  petroleum-treated  soil,  however,  mea- 
sured only  0.2  Jig/g,  which  is  insignificant  in  terms  of  oxidizing  Cr(III)  (Bartlett  and 
James,  1979).  Nascent  Cr(VI)  was  not  detected  in  the  Cr(III)-treated  soils. 

Chromium(VI)  is  considered  the  species  most  toxic  to  biota.  However,  microbial 
respiration  (Figs.  3-4)  did  not  increase  as  the  Cr(VI)  disappeared.  Possible  reasons  in- 
clude: 1)  the  Cr(VI),  although  present  for  only  a  short  time,  may  have  permanently  in- 
jured some  component  of  the  soil  microbiota;  2)  Cr(III)  may  have  formed  cross-link- 
ages between  organic  compounds  in  the  soil,  rendering  them  unavailable  to  microbial 
utilization;  or  3)  the  presence  of  Cr(III)  resulted  in  inhibited  respiration  (Figs.  1-2),  be- 
cause an  unstudied  member  of  the  soil  microbial  population  (e.g.,  the  actinomycetes) 
may  have  been  sensitive  to  Cr(III)  (Ross,  et  ai,  1981). 

The  toxicity  of  Cr(  VI)  to  biota  is  established,  whereas  Cr(III)  has  only  recently  been 
considered  a  hazard.  The  current  study  demonstrates  that  both  Cr(III)  and  Cr(VI)  addi- 
tions are  inhibitory  to  soil  microbiota.  Additional  study  is  needed  to  assess  the  mecha- 
nism of  the  toxicity  of  both  Cr  species  in  soils. 
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ABSTRACT:  Three  new  Indiana  localities  have  produced  Late  Pleistocene  remains  of  the  extinct 
stag-moose,  Cervalces  scotti.  The  first  specimen,  an  antler  beam,  was  actually  collected  in  Franklin 
County  prior  to  1933  by  Amos  W.  Butler.  The  record  was  noted,  but  the  true  identity  of  the  speci- 
men remained  obscure  until  now.  A  second  antler  beam  was  recovered  in  1990  from  a  peat  de- 
posit in  LaPorte  County.  The  third  specimen,  a  partial  cranium,  was  taken  in  1988  on  the  Daviess/ 
Dubois  county  line  from  the  East  Fork  of  White  River,  a  former  glacial  sluiceway.  Cervalces  re- 
mains are  known  from  nine  Indiana  localities.  All  the  remains  of  the  stag-moose  have  been  recov- 
ered from  kettle  lake  deposits  or  from  riverine  deposits  associated  with  former  glacial  sluiceways. 

INTRODUCTION 

Several  species  formerly  described  under  the  genera  Cervalces  and  Girqffa  have  re- 
cently been  synonymized  under  a  single  species  of  stag-moose,  Cervalces  scotti  (Churcher 
and  Pinsof,  1987;  Churcher,  1991).  Sixty-five  localities  were  listed,  where  remains  of  the 
stag-moose  had  been  collected.  These  ranged  from  New  York  to  Virginia  in  the  north- 
eastern United  States  westward  to  North  Dakota  and  Oklahoma  with  additional  records  in 
southern  Ontario,  southern  Saskatchewan,  Alaska,  and  the  Yukon  Territory.  Remains  are 
most  abundant  in  an  east-west  band  of  States  that  includes  Ohio,  Indiana,  Illinois,  Iowa, 
and  Nebraska  (Churcher,  1991).  This  distribution  suggests  that  Cervalces  inhabited  a  wide 
periglacial  margin  south  of  the  Laurentide  ice  sheet,  moving  northward  during  the  Holocene 
deglaciation  (Churcher  and  Pinsof,  1987).  Finds  range  in  age  from  Illinoian  glacial  to  early 
postglacial  age;  most  are  of  Wisconsinan  or  later  age  (Kurten  and  Anderson,  1980).  The 
latest  radiocarbon  dates  for  the  species  are  10,950  ±150  years  B.P.  (New  York:  Buckley 
and  Willis,  1970),  10,230  ±  150  years  B.P.  (Ohio:  Mills  and  Guilday,  1972),  and  10,600  ± 
250  years  B.P.  (Kentucky:  Levin,  et  ai,  1965).  The  last  date  may  not  refer  directly  to 
Cervalces.  Most  of  the  finds  consist  solely  of  portions  of  the  characteristic  antlers  (the 
antlers  have  long,  horizontally-directed  beams  with  anterior  and  posterior  palmations  (Scott, 
1885)),  although  a  few  nearly  complete  skeletons  are  known.  Non-antler  skeletal  material 
is  relatively  scarce. 

The  living  animal  was  relatively  long-legged,  particularly  in  the  metapodials.  With 
withers  taller  than  the  rump  (as  in  the  modern  moose,  Alces  alces),  Cervalces  was  thought 
to  have  browsed  in  the  muskeg  habitat,  much  like  the  living  moose  (Kurten  and  Anderson, 
1980;  Scott,  1885). 

In  Indiana,  Cervalces  scotti  has  been  recorded  from  Churubusco  (Allen  Co.),  Hazleton 
(Pike/Gibson  Co.),  Hudson  (Dekalb  Co.),  Potato  Creek  (St.  Joseph  Co.),  Shoals  (Martin 
Co.),  and,  most  recently,  Kendallville  (Noble  Co.)  (Figure  1,  Table  1).  The  remains  con- 
sist of  antler  beams,  skull  portions,  an  astragalus,  and  a  possible  vertebra.  The  Kendallville 
specimen  is  a  spectacular  rack  of  antlers  on  a  partial  cranium  (Farlow  and  Sunderman,  in 
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Figure  1.   Known  Cervalces  scotti  localities  in  Indiana.   "A"  indicates  the  problematical 
Dearborn  County  specimen  (Warder,  1873). 
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prep.).  Warder  (1873)  noted  that:  "Dr.  Lutton,  of  Aurora,  has  a  skull  of  the  large  black 
bear,  found  in  clay  at  Aurora.  He  has  also  a  bone  that  closely  resembles  that  of  the  Irish 
Elk."  The  latter  specimen,  presumably  from  Aurora,  Dearborn  County,  may  have  been  of 
Cervalces.  However,  the  whereabouts  of  this  specimen  is  unknown,  and  its  identity  re- 
mains obscure.  Lutton' s  locality  is  indicated  in  Figure  1  in  the  hope  that  one  day  the  speci- 
men may  reappear.  Cervalces  was  not  known  from  Indiana,  when  Hay  (1912)  produced 
the  first  major  description  of  Indiana's  Pleistocene  vertebrates.  Three  new  Cervalces  speci- 
mens from  Indiana  as  well  as  the  previously  cited  Martin  County  specimen  will  be  de- 
scribed in  this  report. 

LOCALITY  1 

Location.  This  specimen  was  recovered  in  Franklin  County  from  Yellowbank  Creek 
near  its  confluence  with  the  Whitewater  River  4  km  west-northwest  of  Brookville  (NE  , 
Sec.  3,  TUN,  R13E,  Brookville  Quad.). 

Description  of  the  specimen.  Only  the  left  antler  beam  (Figure  2A)  was  found.  The 
preserved  372  mm  of  the  beam  includes  only  a  short  portion  (111  mm  perpendicular  to 
beam  axis)  of  the  anterior  ascending  and  none  of  the  posterior  descending  palmation.  The 
antler  appears  to  have  been  shed,  and  its  light-colored  surface  displays  the  splitting,  exfo- 
liation, and  rodent  gnawings  of  weathered  bone.  The  antler  is  relatively  heavy,  as  are  the 
other  Cervalces  antlers  examined  by  the  author.  Measurements  are  listed  in  Table  2. 

Provenience.  No  specific  information  is  available  for  this  specimen.  The  antler  lacks 
the  wear  of  stream-tumbled  specimens.  During  Wisconsinan  times,  the  Whitewater  River 
served  as  a  glacial  sluiceway;  valley  train  sediments  blocked  many  tributaries,  resulting  in 
their  ponding  for  a  short  distance  (Thornbury,  1950;  Wayne,  1963).  Exposures  along 
Yellowbank  Creek  one  km  north  of  the  Whitewater  confluence  expose  up  to  15  m  (com- 
posite) of  these  lacustrine  clays  (Wayne,  1963).  Perhaps,  the  Cervalces  antler  had  been 
deposited  in  a  ponded  environment  south  of  the  Wisconsinan  ice. 

Comments.  Amos  W.  Butler,  renowned  for  his  1898  Birds  of  Indiana,  noted  the  re- 
covery of  this  specimen  (Butler,  1934),  which  he  donated  to  the  Indianapolis  Children's 
Museum  (catalog  number  7376)  on  November  1 1,  1933.  Lyon  (1936)  cited  this  antler  as 
that  of  an  elk,  Cervus  canadensis.  Because  the  old  catalog  entry  at  the  Children's  Mu- 
seum identifies  it  as  a  "fossil  elk  antler",  it  is  possible  that  Amos  Butler  recognized  the 
specimen's  distinctness  and  hesitated  to  apply  a  species  name  to  it. 

LOCALITY  2 

Location.  This  specimen  was  recovered  in  LaPorte  County  from  a  peat  deposit  200 
m  west  of  Fish  Creek  and  3.4  km  north-northeast  of  Fish  Lake  (NE  ,  NE  ,  SW  ,  SW  ,  Sec. 
4,  T36N,  R1W,  Stillwell  Quad.). 

Description  of  the  specimen.  Only  the  left  antler  beam  (Figure  2B)  was  found.  The 
antler  preserves  202  mm  (perpendicular  to  beam  axis)  of  the  anterior  ascending  palmation 
and  443  mm  of  the  beam  and  posterior  descending  palmation  (measured  along  beam  axis). 
The  antler  appears  to  have  been  broken  from  the  cranium.  There  is  some  exfoliation  of 
the  outer  surface  of  the  specimen,  but  it  is  otherwise  durable  and  preserved  much  like  the 
Yellowbank  Creek  specimen.  Measurements  are  listed  in  Table  2. 

Provenience.  This  specimen  was  found  on  a  pile  of  reed-sedge  peat  on  the  Milburn 
Peat  Company  property.  The  peat  had  already  been  removed  from  the  deposit,  when  the 
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Table  1 .  Nine  known  occurrences  of  Cervlaces  scotti  in  Indiana. 


County; 

Year 

Materials 

Published 

Locality 

Collected 

Provenience 

(Repository) 

Records 

LaPorte; 

1990 

peat  deposit 

antler  beam 

This  report 

Fish  Creek 

(INSM  71.3.87) 

St.  Joseph; 

1936 

"marl-like"  soil 

partial  cranium 

Gazin,  1938; 

Potato  Creek 

(USNM  15494) 

Lyon,  1942; 
Wetmore,  1945; 
Churcher  and 
Pinsof,  1987 

Noble; 

1990 

marl  deposit 

partial  cranium 

Farlow  and 

Kendallville 

with  partial 
antlers 

Sunderman,  in 
prep.;  Churcher, 
1991 

Dekalb; 

71984 

7  former  lake 

antler  beam 

Farlow,  McNitt, 

Hudson 

beach  deposit 

and  Beynon, 
1986 

Allen; 

71983 

peat  deposit 

antler  beam,  R 

Farlow,  McNitt, 

Churubusco 

astragalus; 

possible 

vertebra 

and  Beynon, 
1986 

Franklin; 

pre- 1933 

7  lacustrine 

antler  beam 

Butler,  1934; 

Yellowbank 

deposit 

(ICM  7376) 

Lyon,  1936  (as 

Creek 

Cervus  canadensis); 
this  report 

Martin; 

pre- 1945 

river  bed 

frontal  with 

Adams,  1946; 

Shoals 

partial  antler 
(IUGB  307/2) 

this  report 

Daviess/Dubois; 

1988 

river  bed 

partial  cranium 

This  report 

Portersville 

(INSM  71.3.100) 

Pike/Knox/ 

1935 

river  bed 

antler  beam 

Riggs,  1936;  Gazin, 

Gibson; 

(FMNHP15143) 

1938;  Galbreath, 

"Hazleton" 

1939;  Lyon,  1942; 
Hibbard,  1958; 
Churcher  and 
Pinsof,  1987 
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Figure  2.  Cervalces  scotti,  left  antler  beams.  A.  Yellowbank  Creek  specimen,  Franklin 
County,  Indiana  (ICM  7376).  B.  Fish  Creek  specimen,  LaPorte  County,  Indiana  (INSM 
71.3.87).  C.  Shoals  specimen,  Martin  County,  Indiana  (IUGB  307/2;  cited  by  Adams,  1946; 
note  attachment  to  frontal  at  burr).  All  three  display  the  long  antler  beams  characteristic 
of  the  species.  Scale  in  centimeters. 
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specimen  was  found.  The  fossil  locality  is  underlain  by  outwash  fan  deposits  associated 
with  the  Valparaiso  moraine  (Gray,  1989).  The  Valparaiso  moraine,  one  of  many  looping 
recessional  moraines  of  Wedron  ice  (Michigan  lobe)  in  northeastern  Indiana  (Bleuer  and 
Melhorn,  1989),  was  formed  by  the  ice  advance  of  approximately  15,500  B.P.  (Mickelson, 
et  al,  1983).  After  its  recession,  kettle  lakes  began  forming.  Quiet-water  sediments  (e.g., 
peat  and  marl)  that  filled  those  kettles  typically  date  within  the  past  13,000  years  in  north- 
ern Indiana  (Wayne,  1963).  The  Cervalces  antler  was  likely  deposited  within  this  13,000 
to  9,000  year  B.P.  period,  before  the  species  became  extinct. 

Comments.  The  antler  was  recovered  in  December,  1990.  The  same  peat  deposit 
had,  two  years  earlier,  produced  the  remains  of  two  male  elk  (Cervus  elaphus).  The  strati- 
graphic  relationship  between  these  finds  is  unknown.  Preserved  in  glyptal  driven  by  ac- 
etone, the  specimen  is  catalog  number  71.3.87  of  the  Indiana  State  Museum. 

LOCALITY  3 

Location.  This  speciman  was  found  near  the  Daviess/Dubois  County  line  under  the 
Portersville  bridge  on  the  East  Fork  of  the  White  River  (NE,  NW,  SW,  Sec.  21,  TIN,  R5W, 
Alfordsville  Quad.). 

Description  of  the  specimen.  This  specimen  consists  of  a  skull  portion  with  antler 
pedicles  (Figure  3).  The  water-worn  skull  portion  contains  the  left  and  right  frontals,  in- 
cluding antler  pedicles,  and  a  portion  of  the  sphenoid.  Portions  of  the  foramen  rotundum, 
sphenoidal,  and  optic  foramina  are  preserved,  as  is  much  of  the  anterior  braincase.  Miss- 
ing are  the  occiput,  parietals,  face,  palate,  and  the  portion  of  the  frontals  inferior  to  the 
postorbital  constriction.  Identifying  features  include  the  shallow  depression  of  the  frontals 
inferior  to  the  antler  pedicles  (the  depression  is  deeper  in  the  modern  moose,  Alces)  and 
the  lack  of  a  sharp  knob  on  the  frontal  ridge  between  the  pedicles  that  is  present  in  Alces 
(Scott,  1885).  The  specimen  is  the  medium  brown  color  typical  of  other  bones  locally  re- 
covered from  the  White  River  and  is  partially  encrusted  with  a  dark  brown  to  black  film  of 
calcium  carbonate.  The  specimen  is  heavy  and  apparently  partially  permineralized.  Mea- 
surements are  presented  in  Table  2. 

Provenience.  The  specimen  was  dragged  up  from  the  White  River  on  a  mussel  bar. 
The  White  River  served  as  a  sluiceway  during  both  Illinoian  and  Wisconsinan  glaciations 
(Thornbury,  1950). 

Comments.  Recovered  in  the  summer  of  1988  by  a  mussel  fisherman,  the  specimen 
was  transferred  to  the  Property  Manager  at  Williams  Dam,  who  in  turn  contacted  the  au- 
thor. The  specimen,  catalog  number  71.3.100  of  the  Indiana  State  Museum,  was  preserved 
in  butvar  driven  by  ethanol. 

LOCALITY  4 

Location.  This  locality  was  cited  previously  by  Adams  (1946).  The  specimen  was 
found  in  Martin  County  in  the  East  Fork  of  the  White  River  1 .3  km  southwest  of  Shoals 
(SE  ,  SW  ,  SE  ,  Sec.  25,  T3N,  R4W,  Shoals  Quad.). 

Description  of  the  specimen.  The  left  frontal  with  a  partial  antler  (Figure  2C)  was 
found.  Though  the  specimen  was  previously  cited  (Adams,  1946),  it  was  neither  described 
nor  illustrated.  The  frontal  had  detached  along  the  inter-frontal  and  coronal  sutures,  and  it 
lacks  the  frontal  inferior  to  the  postorbital  constriction.  The  attached  antler  preserves  415 
mm  (perpendicular  to  beam  axis)  of  the  anterior  ascending  palmation  and  519  mm  (from 
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Table  2.  Measurements  of  new  Indiana  Cervalces  scotti:  antlers  and  frontals  (mm). 


Antlers1 


Locality  1  Locality  2      Locality  4 

Yellowbank  Creek      Fish  Creek         Shoals 


Maximum  diameter  of  burr 


66.2 


69.0 


66.7 


Minimum  diameter  of  burr 


61.7 


63.9 


57.2 


Maximum  diameter  of  beam  at  50  mm 


Minimum  diameter  of  beam  at  50  mm 


Maximum  diameter  of  beam  at  100  mm 


Minimum  diameter  of  beam  at  100  mm 


55.6 


51.7 


53.1 


51.3 


Anterior  beam  length  (minimum/maximum)  224/- 

Anterior  beam  length  (where  arc  of 

divergence  has  a  tangent  at  45°  to  beam  axis)  303 

Posterior  beam  length  (minimum)  — 

Posterior  beam  length  (burr  to  center 

of  arc  of  divergence  from  beam)  — 


Beam  circumference  at  50  mm 


Slenderness  index 


169 


179.8 


Cross-sectional  area  of  beam  at  50  mm  (mm2)      2261 


58.0 

54.0 

52.5 

45.1 

59.5 

51.3 

49.6 

43.4 

181/ — 

171/293 

(x=232) 

232 

256 

221 

180 

263 

ca345 

176 

158 

133.7 

164.5 

2397 

1928 

Frontals 


Locality  3 
Portersville 


Locality  4 
Shoals 


Least  frontal  breadth  (=  postorbital  constriction) 


220 


109.6x2  =  219.0 


Dorsoventral  thickness  of  pedicle, 
normal  to  ventral  surface 


L  =  49;  R  =  46 


44 


1  Measurements  after  Churcher  and  Pinsof  (1987). 
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Figure  3.    Cervalces  scotti,  skull  portion,  Portersville,  Daviess/Dubois  County  line,  Indi 
ana  (INSM  71.3.100).   A.  Posterior  view  showing  the  braincase  and  horizontally  project- 
ing antler  pedicles.  B.  Dorsal  view  of  frontals  (snout  facing  downward).  C.  Anterior  view 
showing  the  position  of  missing  cribriform  plate  (vent  in  center).  Scale  in  centimeters. 
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the  burr  along  beam  axis)  of  the  beam  and  posterior  descending  palmation.  The  entire 
circumference  of  the  anterior  ascending  palmation  is  preserved  from  275  mm  through  402 
mm  from  the  beam  axis.  The  antler  is  medium  brown  in  color  and  is  heavy  and  appar- 
ently permineralized.  Some  of  the  cortical  bone  has  spalled  away.  The  extremities  dis- 
play some  wear.  Measurements  are  presented  in  Table  2. 

Provenience.  This  specimen  was  recovered  from  the  bed  of  the  White  River.  As  at 
the  Portersville  locality,  this  specimen  was  found  in  an  Illinoian/Wisconsinan  glacial  sluice- 
way (Thornbury,  1950). 

Comments.  The  specimen  was  collected  by  William  Melvin  of  Shoals  and  donated 
to  the  Indiana  Historical  Society  on  November  14,  1945.  The  specimen  is  now  housed  in 
the  Glenn  A.  Black  Laboratory  of  Archaeology,  Indiana  University  (catalog  number  307/ 
2).  The  specimen  was  preserved  and  mended  with  white  glue.  Also  recovered  from  the 
stream  bed  in  the  immediate  vicinity  of  this  specimen  were  the  left  dentary  of  a  giant  bea- 
ver (Castoroides  ohioensis),  a  thoracic  vertebra  of  a  ground  sloth  (cf.  Megalonyx  jeffersonii), 
and  the  upper  right  third  molar  of  a  mastodont  (Mammut  americanum).  All  three  of  these 
specimens  were  heavily  permineralized  and  medium  to  dark  brown  in  color.  Next  to  the 
Kendallville  rack,  this  is  the  most  complete  Indiana  specimen. 

DISCUSSION 

Churcher  and  Pinsof  (1987)  show  a  clinal  increase  in  the  size  of  Cervalces  antlers  from 
southeastern  to  northwestern  North  America.  Antlers  from  east  of  the  Mississippi  River 
have  a  shorter  anterior  beam  length  and  a  smaller  cross-sectional  area  than  those  in  the 
northwest.  The  three  antlers  described  here  plot  comfortably  within  the  distribution  of  beam 
massiveness  of  the  other  eastern  specimens. 

The  Indiana  finds  appear  to  be  primarily  of  Wisconsinan  or  early  postglacial  age,  as 
do  most  Cervalces  finds  in  general.  In  northern  Indiana,  Cervalces  remains  (Churubusco, 
Fish  Creek,  Hudson,  Kendallville,  and  Potato  Creek  specimens)  have  been  recovered  from 
kettle  lake  and  bog  deposits  formed  after  the  recession  of  Wedron  (Michigan  Lobe)  and 
Lagro  (Huron-Erie  Lobe)  ice  (Bleuer  and  Melhorn,  1989;  Gray,  1989)  after  approximately 
15,500  B.P.  (Mickelson,  et  ah,  1983).  These  remains  were  recovered  from  banks  of  sedi- 
ments dredged  from  unknown  strata.  Pollen  analysis  and  screening  for  associated  micro- 
fauna  were  not  undertaken  and  would  have  been  impractical.  In  southern  Indiana,  Cervalces 
remains  (Hazleton,  Portersville,  Shoals,  and  Yellowbank  Creek  specimens)  were  found  in 
river  channels  (or  associated  tributaries)  that  served  as  glacial  sluiceways  during  Wisconsinan 
or  during  both  Illinoian  and  Wisconsinan  times.  The  riverine  fossils  may  have  been  trans- 
ported far  from  their  original  locus  of  deposition.  Therefore,  associated  vertebrate  remains 
are  not  necessarily  from  the  same  faunule.  The  occurrence  of  Cervalces  remains  in  both 
lake/bog  and  riverine  (sluiceway)  situations  may  attest  both  to  the  late  arrival  of  the  ani- 
mal in  the  State  (Wisconsinan/early  postglacial)  as  well  as  to  its  association  with  lowland, 
marshy,  swampy,  aquatic  habitats. 

To  date,  none  of  the  Indiana  finds  has  been  accompanied  by  associated  faunal  remains 
or  pollen  profiles.  Radiocarbon  dates  have  not  been  obtained.  It  is  interesting  to  note  that 
there  are  nine  records  of  Cervalces  in  Indiana,  yet  no  fossils  of  the  living  moose  {Alces 
alces)  have  been  reported. 

The  exact  source  of  the  "Hazleton"  specimen  is  not  clear.  A  newspaper  article  (In- 
dianapolis News,  Friday,  20  March  1936)  located  the  specimen  in  the  White  River  near 
Petersburg  (Knox/Pike  Counties).  Galbreath  (1938)  referred  to  a  Hazleton,  Gibson  County, 
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specimen  and  later  noted  that  it  was  cataloged  as  P15143  of  the  Field  Museum  of  Natural 
History  (Galbreath,  1939).  Lyon  (1942)  lists  two  specimens,  Galbreath's  Cervalces 
roosevelti  from  Hazelton  and  Cervalces  illinoensis  from  the  White  River  about  30  miles 
from  its  mouth,  which  he  referred  to  Daviess  County.  Lyon  had  received  a  letter  from 
Oscar  Main  (finder  of  the  "Hazleton"  specimen),  who  noted  that  his  specimen  had  been 
identified  by  E.S.  Riggs  of  the  Field  Museum  of  Natural  History  and  was  deposited  as 
FMNH  PI 5 143.  Lyon  apparently  did  not  realize  that  these  two  records  were  of  the  same 
specimen.  Hazleton  is  approximately  18  miles  and  Petersburg  approximately  45  miles  (30 
airline  miles  places  the  find  in  Daviess  County)  from  the  river  mouth.  It  is  probably  con- 
venient to  refer  to  this  as  the  Hazleton  specimen,  even  though  Hazleton  is  in  Gibson  County, 
and  Petersburg  is  in  Pike  County. 

The  presence  of  antlers  indicates  that  all  of  the  Indiana  material  is  from  male  speci- 
mens, suggesting  both  a  preservation  and  collecting  bias  for  male  remains.  Each  male  pro- 
duced several  potential  fossils  through  annual  antler  shedding.  Of  Indiana's  seven  antler 
specimens,  four  (Churubusco,  Hazleton,  Hudson,  and  Yellowbank  Creek)  had  been  shed. 
Antlers  are  the  predominant  fossil  material  recovered.  Little  postcranial  material  has  been 
noted.  It  is  conceivable  that  unantlered  cranial  (female)  and  postcranial  material  has  been 
largely  disregarded  as  remains  of  deer  or  livestock.  For  example,  several  other  bones  and/ 
or  wood  pieces  were  found  with  the  Hudson  antler,  but  only  the  antler  was  retained  by  its 
discoverer  (Farlow,  McNitt,  and  Beynon,  1986).  Antlers  would  certainly  be  more  recog- 
nizable in  river  beds  than  postcranial  elements. 

Of  the  9  Indiana  sites,  5  have  been  located  within  the  past  4  years.  It  is  difficult  to 
understand  how  antlers  of  this  animal  could  have  been  overlooked  in  the  past.  Many  sites 
may  have  gone  unreported.  Follow  up  of  field  reports  of  skeletal  remains  may  well  in- 
crease our  preservable  sample  of  Cervalces  scotti. 
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ABSTRACT:  The  vertebrate  fauna  of  Indiana  recorded  since  the  time  of  European  settlement  num- 
bers 201  fish,  39  amphibian,  51  reptilian,  402  avian,  and  68  mammalian  species.  Currently,  19  fish, 
8  amphibian,  15  reptilian,  43  avian,  and  14  mammalian  species  within  the  political  boundaries  of 
Indiana  require  protection  due  to  man's  impact.  Within  the  last  200  years,  26  native  vertebrate 
species  in  Indiana  have  become  extinct  or  extirpated,  including  8  fish,  2  reptilian,  13  avian,  and  12 
mammalian  species.  The  present  vertebrate  fauna  of  Indiana  has  193  fish,  39  amphibian,  51  reptil- 
ian, 393  avian,  and  56  mammalian  species. 

INTRODUCTION 

The  current  listing  is  intended  to  provide  a  record  of  the  extant  and  recently  extirpated 
vertebrates  of  Indiana  over  the  last  two  centuries.  This  is  the  first  step  in  the  efforts  of  the 
Biological  Survey  Committee  of  the  Indiana  Academy  of  Science  to  compile  a  listing  of  all 
the  known  species  of  biota  in  Indiana.  The  taxonomic  and  nomenclatural  sources  used  for 
the  various  taxa  include: 

1 .  Fish:  American  Fisheries  Society  ( 1 980),  Burr  and  Warren  ( 1 986),  and  May  den 
(1989); 

2.  Amphibians  and  reptiles:  Minton  (1972),  Collins  (1990),  and  Conant  and 
Collins  (1991); 

3.  Birds:  American  Ornithologist's  Union  (1983;  and  subsequent  updates)  and 
Mumford  and  Keller  (1984);  and 

4.  Mammals:  Honacki,  et  al.  (1982)  and  Mumford  and  Whitaker  (1982). 

The  following  codes  were  established  to  facilitate  documentation  of  the  vertebrates  of 
the  State  (Tables  1  and  2).  The  general  range  in  Indiana  is  indicated  as:  statewide  (I),  north 
(N),  south  (S),  west  (W),  east  (E),  and  various  combinations  of  these  regions.  Relative 
abundance  refers  to  the  general  population  levels  of  the  species  within  the  State.  Depending 
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on  local  and  seasonal  conditions,  the  population  levels  will  vary.  Relative  abundance  is 
broken  down  into  four  categories:  abundant  (A),  common  (C),  occasional  (O),  and  rare  (R). 
Extirpated  species  (Ex)  are  listed  along  with  the  estimated  date  of  disappearance.  In  some 
cases,  this  date  refers  to  the  last  time  a  voucher  record  of  the  species  was  collected  (Whitaker 
and  Gammon,  1989).  The  status  of  the  species  refers  to  the  conservation  designations  of  the 
U.S.  Fish  and  Wildlife  Services  Office  of  Endangered  Species  (USOFR,  1989)  and  of  the 
Indiana  Department  of  Natural  Resources  summarized  in  Indiana 's  Rare  Plants  and  Ani- 
mals -  A  Checklist  of  Endangered  and  Threatened  Species  (Indiana  Department  of  Natural 
Resources,  1990).  Federally  endangered  species  are  denoted  as  FE,  threatened  as  FT,  and 
candidates  for  Federal  listing  as  FC.  State  endangered  species  will  be  represented  by  three 
codes:  endangered  (SE),  threatened  (ST),  and  special  concern  in  need  of  further  study  (SC). 
An  additional  designation,  exotic  (X),  is  included  for  accidentally  or  deliberately  released 
species.  One  additional  code  is  included  for  birds  (Table  2)  to  indicate  seasonal  occurrence: 
summer  resident  (S),  winter  resident  (W),  year-round  resident  (R),  migrant  (M),  accidental 
(A),  hypothetical  (H),  and  breeding  (*). 

DISCUSSION 

The  vertebrate  fauna  of  Indiana  recorded  from  the  time  of  European  settlement  num- 
bers 201  fish,  39  amphibian,  51  reptilian,  402  avian,  and  68  mammalian  species.  New 
species  first  described  from  Indiana  include  34  fish,  3  amphibians,  6  reptiles,  and  2  mam- 
mals. Within  the  last  200  years,  26  native  vertebrate  species  in  Indiana  have  become  extinct 
or  extirpated.  Of  those  lost,  8  species  were  fish;  2  were  reptiles;  13  were  birds;  and  12  were 
mammals.  Another  9  bird  species  no  longer  nest  in  the  State.  Through  accidental  or  delib- 
erate release,  nine  additional  bird  species  have  become  established,  although  one  of  these 
has  been  recently  lost.  Currently,  19  fish,  8  amphibian,  15  reptilian,  43  avian,  and  14  mam- 
malian species  within  the  political  boundaries  of  Indiana  require  protection  due  to  mans' 
impact.  An  additional  4  fish,  6  amphibian,  3  reptilian,  30  avian,  and  2  mammalian  species 
are  considered  hypothetical  in  occurrence  in  the  State,  because  specimens  have  not  been 
collected  to  date.  This  leaves  us  currently  with  193  fish,  39  amphibian,  49  reptile,  393  bird, 
and  56  mammal  species. 

ACKNOWLEDGMENTS 

The  authors  wish  to  thank  the  Biological  Survey  Committee  of  the  Indiana  Academy  of 
Science  for  the  charge  of  assembling  this  list  of  taxa.  Additional  thanks  is  specifically  ex- 
tended to  Bill  McKnight,  Charles  Keller,  Kenneth  Brock,  Dan  Webster,  and  to  several 
anonomyous  reviewers  for  comments  on  previous  drafts  of  the  manuscript. 

LITERATURE  CITED 

American  Fisheries  Society.  1980.  A  list  of  common  and  scientific  names  of  fishes  from  the  United  States  and 

Canada.  Amer.  Fisheries  Soc.  Spec.  Publ.  12,  174  pp. 
American  Ornithologists'  Union.  1983.    Check-list  of  North  American  birds,  6th  ed.  Amer.  Ornithologists' 

Union,  877  pp. 
Burr,  B.M.  and  M.L.  Warren,  Jr.  1986.  A  distributional  atlas  of  Kentucky  fishes.  Kentucky  Natur.  Preserves 

Comm.  Sci.  Tech.  Ser.  4,  398  pp. 
Collins,  J.T.  1990.  Standard  common  and  current  scientific  names  for  North  American  amphibians  and  reptiles, 

3rd  ed.  Soc.  Study  Amphibians  Reptiles.  Herp.  Circ.  No.  19:  1-41. 


Vol.  101  (1992)  Indiana  Academy  of  Science  97 


Conant,  J.  and  J.T.  Collins.  1991.  A  field  guide  to  reptiles  and  amphibians:  Eastern  and  central  North  America. 
Houghton  Mifflin,  Boston,  608  pp. 

Honacki,  J.H.,  K.E.  Kinman,  and  J.W.  Koeppl.  1982.  Mammal  species  of  the  world,  A  taxonomic  and  geo- 
graphical reference.  Allen  Press,  Lawrence,  Kansas,  694  pp. 

Indiana  Department  of  Natural  Resources  (IDNR).  1990.  Indiana's  rare  plants  and  animals  -  a  checklist  of 
endangered  and  threatened  species.  Indiana  Dept.  Natur.  Res.,  36  pp. 

Mayden,  R.L.  1989.  Phylogenetic  studies  of  North  American  minnows,  with  emphasis  on  the  genus  Cyprinella 
(Teleostei:  Cypriniformes).  Misc.  Publ.  Univ.  Kansas  Mus.  Natur.  Hist.  80,  189  pp. 

Minton,  S.A.,  Jr.  1972.  Amphibians  and  reptiles  of  Indiana.  Indiana  Acad.  Sci.  Monogr.  3,  346  pp. 

Mumford,  R.E.  and  J.O.  Whitaker,  Jr.  1982.  Mammals  of  Indiana.  Indiana  Univ.  Press,  Bloomington,  537  pp. 

Mumford,  R.E.  and  C.E.  Keller.  1984.  The  birds  of  Indiana.  Indiana  Univ.  Press,  Bloomington,  376  pp. 

U.S.  Office  of  the  Federal  Register.  1989.  Endangered  and  threatened  wildlife  and  plants.  Code  of  Federal 
Regulations,  Title  50,  Parts  17.1 1  and  17.12.  U.S.  Government  Printing  Office,  Washington,  D.C. 

Whitaker,  J.O.,  Jr.  and  J.R.  Gammon.  1988.  Endangered  and  threatened  vertebrate  animals  of  Indiana  their 
distribution  and  abundance.  Indiana  Acad.  Sci.  Monogr.  5,  122  pp. 


98 


Zoology:  Simon,  Whitaker,  Castrale,  Minton 


Vol.  101  (1992) 


Table  1 .  Checklist  of  the  fish,  amphibians,  reptiles,  and  mammals  of  Indiana. 

Relative 
Range     Abundance     Status 

Class  Osteichthyes 

Order  Petromyzontiformes  (lampreys) 
Family  Petromyzontidae  (lamprey) 


Ichthyomyzon  bdellium  (Jordan),  Ohio  lamprey 
/.  casteneus  Girard,  chestnut  lamprey 
/.  fossor  Reighard  and  Cummins, 

northern  brook  lamprey 
/.  unicuspis  Hubbs  and  Trautman,  silver 

lamprey 
Lampetra  aepyptera  (Abbott),  least  brook  lamprey 
L.  appendix  (DeKay),  American  brook  lamprey 
Petromyzon  marinus  Linnaeus,  sea  lamprey 

Order  Acipenseriformes  (paddlefish,  sturgeons) 

Family  Polyodontidae  (paddlefish) 

Polyodon  spatula  (Walbaum),  paddlefish 

Family  Acipenseridae  (sturgeon) 

Acipenser fulvescens  Rafinesque,  lake  sturgeon 
Scaphirhynchus  platorynchus  (Rafinesque), 
shovelnose  sturgeon 

Order  Lepisteiformes  (gars) 

Family  Lepisosteidae  (gars) 

Atractosteus  spatula  (Lacepede),  alligator  gar 
Lepisosteus  oculatus  Winchell,  spotted  gar 
L.  osseus  Linnaeus,  longnose  gar 
L.  platostomus  Rafinesque,  shortnose  gar 

Order  Amiiformes  (bowfin) 

Family  Amiidae  (bowfin) 

Amia  calva  Linnaeus,  bowfin 

Order  Anguilliformes  (eels) 

Family  Anguillidae  (eel) 
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Anguilla  rostrata  (Lesueur),  American  eel 
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Relative 
Range     Abundance     Status 


Order  Clupeiformes  (herring,  shad) 
Family  Clupeidae  (herring) 


Alosa  chrysochloris  (Rafinesque),  skipjack  herring  W,S  C 

A.  pseudoharengus  (Wilson),  alewife  NW  A                X 

Dorosoma  cepedianum  (Lesueur),  gizzard  shad  I  A 

D.  petenense  (Gunther),  threadfin  shad  S  C 

Order  Osteoglossiformes  (mooneye) 

Family  Hiodontidae  (mooneye) 

Hiodon  alosoides  (Rafinesque),  goldeye  S  O 

H.  tergisus  Lesueur,  mooneye  W,S  C 

Order  Salmoniformes  (trout,  salmon,  whitefish) 

Family  Salmonidae  (salmon  and  whitefish) 

Coregonus  artedii  Lesueur,  cisco  or 

lake  herring 
C.  clupeaformis  (Mitchill),  lake  whitefish 
C.  hoyi  (Gill),  bloater 
C.  zenithicus  (Jordan  and  Evermann), 

shortjaw  cisco 
Oncorhynchus  mykiss  Walbaum,  rainbow  trout 
O.  kisutch  (Walbaum),  coho  salmon 
O.  tshawytscha  (Walbaum),  chinook  salmon 
Salvelinus  fontinalis  (Mitchell),  brook  trout 
S.  namaycush  (Walbaum),  lake  trout 
Salmo  salar  (Walbaum),  Atlantic  salmon 
S.  trutta  Linneaus,  brown  trout 

Family  Osmeridae  (smelt) 

Osmerus  mordax  (Mitchill),  rainbow  smelt  NW  C 

Family  Umbridae  (mudminnows) 

Umbra  limi  (Kirtland),  central  mudminnnow  N  A 

Family  Esocidae  (pikes) 

Esox  americanus  Gmelin,  grass  pickerel  I  C 

E.  lucius  Linnaeus,  northern  pike  N  O 
E.  masquinongy  Mitchill,  muskellunge                                         S  RJ 

Order  Cypriniformes  (carps  and  minnows) 

Family  Cyprinidae  (carps  and  minnows) 

Campostoma  anomulum  (Rafinesque), 

stoneroller  I  A 

C.  oligolepis  Hubbs  and  Greene, 

largescale  stoneroller  N  A 
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Range 


Relative 
Abundance 


Status 


Carassius  auratus  (Linneaus),  goldfish 
Clinostomus  elongatus  (Kirtland),  redside  dace 
Couesius  plumbeus  (Agassiz),  lake  chub 
Ctenopharyngodon  idella  Valenciennes, 

grass  carp 
Cyprinella  lutrensis  (Baird  and  Girard), 

red  shiner 
C.  spiloptera  Cope,  spotfin  shiner 
C.  whipplei  (Girard),  steelcolor  shiner 
Cyprinus  carpio  Linneaus,  carp 
Ericymba  buccata  Cope,  silverjaw  minnow 
Ehmystax  dissimilis  Kirtland,  streamline  chub 
E.  x-punctata  Hubbs  and  Crowe,  gravel  chub 
Extrarius  aestavalis  Girard,  speckled  chub 
Hybognathus  hayi  Jordan,  cypress  minnow 
H.  nuchalis  Agassiz,  central  silvery  minnow 
H.  regius  Girard,  eastern  silvery  minnow 
Hybopsis  amblops  (Rafinesque),  bigeye  chub 
H.  amnis  Hubbs  and  Greene,  pallid  shiner 
Hypophthalmichthys  molitrix  Valenciennes, 

silver  carp 
Luxilus  chrysocephalus  (Rafinesque), 

striped  shiner 
L.  cornutus  (Mitchell),  common  shiner 
Lythrurus  ardens  (Cope),  rosefin  shiner 
L.  fumeus  Evermann,  ribbon  shiner 
L.  umbratilis  (Girard),  redfin  shiner 
Macrhybopsis  storeriana  (Kirtland), 

silver  chub 
Nocomis  biguttatus  (Kirtland), 

hornyhead  chub 
N.  micropogon  (Cope),  river  chub 
Notemigonus  crysoleucus  (Mitchell), 

golden  shiner 
Notropis  anogenus  Forbes,  pugnose  shiner 
N.  atherinoides  Rafinesque,  emerald  shiner 
N.  ariommus  (Cope),  popeye  shiner 
N.  blennius  (Girard),  river  shiner 
N.  boops  Gilbert,  bigeye  shiner 
N.  buchanani  Meek,  ghost  shiner 
N.  chalybaeus  (Cope),  ironcolor  shiner 
N.  dorsalis  (Agassiz),  bigmouth  shiner 
N.  heterodon  (Cope),  blacknose  shiner 
N.  heterolepis  Eigenmann  and  Eigenmann, 

blackchin  shiner 
N.  hudsonius  (Clinton),  spottail  shiner 
N.  ludibundus  Cope,  sand  shiner 
N.  photogenis  (Cope),  silver  shiner 
N.  rubellus  (Agassiz),  rosyface  shiner 
N.  shumardi  (Girard),  silverband  shiner 
N.  texanus  (Girard),  weed  shiner 
N.  volucellus  (Cope),  mimic  shiner 
Opsopoeodus  emiliae  Hay,  pugnose  minnow 
Phenacobius  mirabilis  (Girard), 

suckermouth  minnow 
Phoxinus  erythrogaster  (Rafinesque), 

southern  redbelly  dace 
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Range     Abundance     Status 


Pimephales  notatus  (Rafinesque), 

bluntnose  minnow 
P.  promelas  Rafinesque,  fathead  minnow 
P.  vigilax  (Baird  and  Girard),  bullhead  minnow 
Rhinichthys  atratulus  Agassiz,  blacknose  dace 
R.  cataractae  (Valenciennes),  longnose  dace 
Semotilus  atromaculatus  (Mitchill),  creek  chub 

Family  Catostomidae  (suckers  and  buffalo) 

Cycleptus  elongatus  (Lesueur),  blue  sucker 
Carpiodes  carpio  (Rafinesque),  river  carpsucker 
C.  cyprinus  (Lesueur),  quillback 
C.  velifer  (Rafinesque),  highfin  carpsucker 
Catostomus  catostomus  (Forster),  longnose  sucker 
C.  commersoni  Lacepede,  white  sucker 
Erimyzon  oblongus  (Mitchill), 

creek  chubsucker 
E.  sucetta  (Lacepede),  lake  chubsucker 
Hypentilium  nigricans  (Lesueur), 

northern  hogsucker 
Ictiobus  bubalus  (Rafinesque),  smallmouth  buffalo 
/.  cyprinellus  (Valenciennes),  bigmouth  buffalo 
/.  niger  (Rafinesque),  black  buffalo 
Minytrema  melanops  (Rafinesque),  spotted  sucker 
Moxostoma  anisurum  (Rafinesque),  silver  redhorse 
M.  carinatum  (Cope),  river  redhorse 
M.  duquesnei  (Lesueur),  black  redhorse 
M.  erythurum  (Rafinesque),  golden  redhorse 
M.  macrolepidotum  (Lesueur),  shorthead  redhorse 
M.  valenciennesi  Jordan,  greater  redhorse 

Order  Siluriformes  (bullhead  and  catfish) 

Family  Ictaluridae  (bullhead  and  catfish) 

Ameiurus  catus  (Linnaeus),  white  catfish 

A.  melas  (Rafinesque),  black  bullhead 

A.  natalis  (Lesueur),  yellow  bullhead 

A.  nebulosus  (Lesueur),  brown  bullhead 

Ictalurus  furcatus  (Lesueur),  blue  catfish 

/.  punctatus  (Rafinesque),  channel  catfish 

Noturus  eleutherus  Jordan,  mountain  madtom 

N.  exilis  Nelson,  slender  madtom 

N.flavus  Rafinesque,  stonecat 

N.  gyrinus  (Mitchill),  tadpole  madtom 

N.  miurus  Jordan,  brindled  madtom 

N.  nocturnus  Jordan  and  Gilbert,  freckled  madtom 

N.  stigmosus  Taylor,  northern  madtom 

Pylodictis  olivaris  (Rafinesque),  flathead  catfish 

Order  Percopsiformes  (cavefish,  pirate  perch,  trout-perch) 

Family  Amblyopsidae  (cavefish) 
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Amblyopsis  spelaea  DeKay,  northern  cavefish 
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Typhalichthys  subterraneus  Girard,  southern  cavefish 
Family  Apherododeridae  (pirate  perch) 

Aphredoderus  sayanus  (Gilliams),  pirate  perch 
Family  Percopsidae  (trout-perch) 

Percopsis  omniscomaycus  (Walbaum),  trout-perch 
Order  Gadiformes  (cod) 
Family  Gadidae  (cod) 

Lota  lota  (Linnaeus),  burbot 

Order  Atheriniformes  (topminnows,  silversides) 

Family  Fundulidae  (topminnows) 

Fundulus  catenatus  (Storer),  northern  studfish 
F.  diaphanus  (Lesueur),  banded  killifish 
F.  dispar  (Agassiz),  northern  starhead  topminnow 
F.  notatus  (Rafinesque),  blackstripe  topminnow 

Family  Poeciliidae  (live-bearing  fishes) 

Gambusia  affinis  (Baird  and  Girard),  mosquitofish 

Family  Atherinidae  (silversides) 

Labidesthes  sicculus  (Cope),  brook  silverside 

Order  Gasterosteiformes  (sticklebacks) 

Family  Gasterosteidae  (sticklebacks) 

Culaea  inconstans  (Kirtland),  brook  stickleback 
Pungitius  pungitius  (Linnaeus), 
ninespine  stickleback 

Order  Perciformes  (basses,  sunfish,  perch,  darters) 

Family  Moronidae  (temperate  basses) 

Morone  chrysops  (Rafinesque),  white  bass 
M.  mississippiensis  Jordan  and  Eigenmann, 

yellow  bass 
M.  saxatilis  (Walbaum),  striped  bass 

Family  Centrarchidae  (black  bass  and  sunfish) 

Ambloplites  rupestris  (Rafinesque),  rock  bass 
Centrarchus  macropterus  (Lacepede),  flier 
Lepomis  cyanellus  Rafinesque,  green  sunfish 
L.  gibbosus  (Linnaeus),  pumpkinseed 
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L.  gulosus  (Cuvier),  warmouth 

L.  humilis  (Girard),  orangespotted  sunfish 

L.  macrochirus  Rafinesque,  bluegill 

L.  megalotis  (Rafinesque),  longear  sunfish 

L.  microlophus  (Gunther),  redear  sunfish 

L.  punctatus  (Valenciennes),  spotted  sunfish 

Micropterus  dolomieui  Lacepede,  smallmouth  bass 

M.  punctulatus  Rafinesque,  spotted  bass 

M.  salmoides  (Lacepede),  largemouth  bass 

Pomoxis  annularis  Rafinesque,  white  crappie 

P.  nigromaculatus  (Lesueur),  black  crappie 

Family  Elassomatidae  (pygmy  sunfish) 

Elassoma  zonatum  Jordan,  banded  pygmy  sunfish 

Family  Percidae  (perch  and  darters) 

Ammocrypta  clara  Jordan  and  Meek, 

western  sand  darter 
A.  pellucida  (Agassiz),  eastern  sand  darter 
Etheostoma  asprigene  (Forbes),  mud  darter 
E.  blennioides  (Rafinesque),  greenside  darter 
E.  caeruleum  Storer,  rainbow  darter 
E.  camurum  (Cope),  bluebreast  darter 
E.  chlorosoma  (Hay),  bluntnose  darter 
E.  exile  (Girard),  Iowa  darter 
E.flabellare  Rafinesque,  fantail  darter 
E.  gracile  (Girard),  slough  darter 
E.  histrio  (Jordan  and  Gilbert),  harlequin  darter 
E.  kennicotti  (Putnam),  stripetail  darter 
E.  maculatum  Kirtland,  spotted  darter 
E.  microperca  Jordan  and  Gilbert,  least  darter 
E.  nigrum  Rafinesque,  johnny  darter 
E.  spectabile  (Agassiz),  orangethroat  darter 
E.  squamiceps  Jordan,  spottail  darter 
E.  tippecanoe  Jordan  and  Evermann, 

tippecanoe  darter 
E.  variatum  Kirtland,  variegate  darter 
E.  zonale  (Cope),  banded  darter 
Perca  flavescens  (Mitchill),  yellow  perch 
Percina  caprodes  (Rafinesque),  logperch 
P.  copelandi  (Jordan),  channel  darter 
P.  evides  (Jordan  and  Copeland),  gilt  darter 
P.  maculata  (Girard),  blackside  darter 
P.  phoxocephala  (Nelson),  slenderhead  darter 
P.  sclera  (Swain),  dusky  darter 
P.  shumardi  (Girard),  river  darter 
Stizostedion  canadense  (Smith),  sauger 
S.  vitreum  (Mitchill),  walleye 

Family  Sciaenidae  (drum) 

Aplodinotus  grunniens  Rafinesque, 
freshwater  drum 
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Family  Cottidae  (sculpins) 


Hypothetical: 


Cottus  bairdi  Girard,  mottled  sculpin 
C.  carolinae  (Gill),  banded  sculpin 
C.  cognatus  Richardson,  slimy  sculpin 
Myoxocephalus  thompsoni  (Girard), 
deepwater  sculpin 


Fundulus  olivaceus  (Storer),  blackspotted  topminnow 
Hybognathus  hankinsoni  Hubbs,  brassy  minnow 
Percina  vigil  Hay,  yellow  saddleback  darter 
Scardinius  erythropthalmus  (Linneaus),  rudd 
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sc 
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srw 
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Extirpated: 

Alosa  alabamae  Jordan  and  Evermann, 

Alabama  shad 
Coregonus  nigripinnis  (Gill),  blackfin  cisco 
C.  reighardi  (Koelz),  shortnose  cisco 
Crystallaria  asprella  Jordan,  crystal  darter 
Esox  masquinongy  Mitchill,  Great  Lakes 

muskellunge 
Lagochila  lacera  Jordan  and  Brayton,  harelip  sucker 
Lepomis  symmetricus  Forbes,  bantam  sunfish 
Percina  uranidea  (Jordan  and  Gilbert), 

stargazing  darter 

Class  Amphibia 

Order  Caudata  (salamanders) 

Family  Cryptobranchidae  (hellbenders) 

Crytobranchus  alleganiensis  (Daudin),  hellbender 
Family  Proteidae  (mudpuppies) 

Necturus  maculosus  (Rafinesque),  mudpuppy 

Family  Ambystomidae  (mole  salamanders) 

Ambystoma  barbouri  Kraus  and  Petranka, 

streamside  salamander 
A.  jeffersonianum  (Green),  Jefferson  salamander 
A.  laterale  Hallowell,  blue-spotted  salamander 
A.  maculatum  (Shaw),  spotted  salamander 
A.  opacum  (Gravenhorst),  marbled  salamander 
A.  texanum  (Matthes),  smallmouth  salamander 
A.  tigrinum  (Green),  tiger  salamander 

Family  Salamandridae  (newts) 

Notophthalmus  viridescens  (Rafinesque), 
eastern  newt 
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Family  Plethodontidae  (lungless  salamanders) 

Desmognathus  fuscus  (Rafinesque), 

northern  dusky  salamander 
Eurycea  bislineata  (Green),  two-lined 

salamander 
E.  longicauda  (Green),  longtail  salamander 
E.  lucifuga  (Rafinesque),  cave  salamander 
Hemidactylium  scutatum  (Schlegel), 

four-toed  salamander 
Plethodon  cinereus  (Green),  redbacked 

salamander 
P.  dorsalis  Cope,  zigzag  salamander 
P.  glutinosus  (Green),  slimy  salamander 
P.  richmondi  Netting  and  Mittleman, 

ravine  salamander 
Pseudotriton  ruber  Sonnini,  red  salamander 

Family  Sirenidae  (sirens) 

Siren  intermedia  Le  Conte,  lesser  siren 
Order  Anura  (toads  and  frogs) 

Family  Pelobatidae  (spadefoot  toads) 

Scaphiopus  holbrooki  (Harlan),  eastern  spadefoot 

Family  Bufonidae  (toads) 

Bufo  americanus  Holbrook,  American  toad 
B.  woodhousei  Girard,  Woodhouse's  toad 

Family  Hylidae  (tree  frogs) 

Acris  crepitans  Baird,  cricket  frog 
Hyla  chrysoscelis  Cope,  Cope's  gray  tree  frog 
H.  versicolor  Le  Conte,  eastern  gray  treefrog 
Pseudacris  crucifer  Wied,  spring  peeper 
P.  triseriata  (Wied),  striped  chorus  frog 

Family  Ranidae  (true  frogs) 

Rana  areolata  Baird  and  Girard,  crawfish  frog 

R.  blairi  Mecham  et  al.,  plains  leopard  frog 

R.  clamitans  Latreille,  green  frog 

R.  catesbeiana  Shaw,  bullfrog 

R.  pipiens  Schreber,  northern  leopard  frog 

R.  palustris  Le  Conte,  pickerel  frog 

R.  utricularia  (Cope),  southern  leopard  frog 

R.  sylvatica  Le  Conte,  wood  frog 


SE 

C,S 
S 
S 

N,C 


W 


N,C,SE 
I 


Hypothetical 


0 

A 
C 

C 

R 


I 

A 

c,s 

C 

s,c 

C 

SE 

() 

SC 

R 

o 


() 


C 
A 

A 
C 
A 


ST 


SE 


w 

0 

ST 

w 

R 

SC 

I 

C 

I 

A 

N,E 

C 

SC 

E,C,WC 

0 

S,C 

C 

I 

0 

Gyrinophilus  porphyriticus  (Green),  spring  salamander 
Pseudacris  brachyphona  (Cope),  mountain  chorus  frog 
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Class  Reptilia 


Pseudotriton  montanus  Baird,  mud  salamander 
Gastrophyne  carolinensis  (Holbrook),  eastern 

narrowmouth  toad 
Hyla  cinerea  (Schneider),  green  treefrog 
H.  avivoca  Viosca,  bird-voiced  treefrog 


Order  Testudines  (turtles) 

Family  Chelydridae  (snapping  turtles) 

Chelydra  serpentina  Linnaeus,  common 

snapping  turtle 
Macroclemys  temmincki  (Troost), 

alligator  snapping  turtle 

Family  Kinosternidae  (musk  and  mud  turtles) 

Kinosternon  subrubrum  (Lacepede),  eastern 

mud  turtle 
Sternotherus  odoratus  (Latreille),  stinkpot 

Family  Emydidae  (box  and  water  turtles) 

Chrysemys  picta  (Schneider),  painted  turtle 
Clemmys  guttata  (Schneider),  spotted  turtle 
Emydoidea  blandingi  (Holbrook),  Blanding's  turtle 
Graptemys  geographica  (Lesueur),  map  turtle 
G.  pseudo geographica  (Gray),  false  map  turtle 
Pseudemys  concinna  (LeConte),  river  cooter 
Terrapene  Carolina  (Linneaus),  Eastern  box  turtle 
T.  ornata  (Agassiz),  western  box  turtle 
Trachemys  scripta  (Schoepff),  red-eared  turtle 

Family  Trionychidae  (softshell  turtles) 

Apalone  mutica  Lesueur,  smooth  softshell 
A.  spinifera  Lesueur,  spiny  softshell 

Order  Squamata  (lizards  and  snakes) 

Family  Iguanidae  (iguanids) 

Sceloporus  undulatus  Latreille,  eastern  fence 
lizard 

Family  Anguidae  (glass  lizards) 

Ophisaurus  attenuatus  Cope,  slender  glass  lizard 

Family  Teiidae  (whiptails) 

Cnemidophorus  sexlineatus  (Linnaeus), 
sixlined  racerunner 
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Family  Scincidae  (skinks) 


Eumeces fasciatus  (Linnaeus),  five-lined  skink 
E.  laticeps  (Schneider),  broad-headed  skink 
Scincella  lateralis  (Say),  ground  skink 

Family  Colubridae  (common  snakes) 

Carphophis  amoenus  (Say),  worm  snake 
Cemophora  coccinea  (Blumenbach),  scarlet  snake 
Coluber  constrictor  Linnaeus,  racer 
Clonophis  kirtlandii  (Kennicott),  Kirtland's  snake 
Diadophis  punctatus  (Linnaeus),  northern 

ringneck  snake 
Elaphe  obsoleta  (Say),  black  rat  snake 
E.  vulpina  (Baird  and  Girard),  western  foxsnake 
Heterodon  platirhinos  Latreille,  eastern  hognose 
Lampropeltis  calligaster  (Harlan),  prairie  kingsnake 
L.  getula  Linnaeus,  common  kingsnake 
L.  triangulum  (Lacepede),  eastern  milksnake 
Nerodia  erythrogaster  (Forster),  northern 

copperbelly 
N.  rhombifer  (Hallowell),  diamondback  water 

snake 
N.  sipedon  (Linnaeus),  northern  banded  water 

snake 
Opheodrys  aestivus  (Linneaus),  rough  green 

snake 
O.  vernalis  Harlan,  smooth  green  snake 
Pituophis  melanoleucus  (Daudin),  bull  snake 
Regina  septemvittata  (Say),  queen  snake 
Storeria  dekayi  (Holbrook),  brown  snake 
S.  occipitomaculata  (Storer),  redbelly  snake 
Tantilla  coronata  Baird  and  Girard,  crowned  snake 
Thamnophis  butleri  (Cope),  Butler's  garter  snake 
T.  proximus  (Say),  western  ribbon  snake 
T.  radix  (Baird  and  Girard),  plains  garter  snake 
T.  sauritus  (Linnaeus),  eastern  ribbon  snake 
T.  sirtalis  (Linnaeus),  common  garter  snake 
Virginia  valeriae  Baird  and  Girard,  western 

earth  snake 
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Family  Crotalidae  (pit  vipers) 

Agkistrodon  contortrix  (Linnaeus),  northern 

copperhead 
A.  piscivorus  Lacepede,  cottonmouth 
Crotalus  horridus  Linneaus,  timber  rattlesnake 
Sistrurus  catenatus  (Rafinesque),  eastern 

massasauga 
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Hypothetical: 


Eumeces  anthracinus  (Baird),  coal  skink 
Regina  grahami  (Baird  and  Girard),  Graham's 
water  snake 
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Extirpated: 


Tropidoclonian  lineatum  (Hallowell),  lined  snake 


Farancia  abacura  (Holbrook),  mud  snake 


X 


1894 


Class  Mammalia 

Order  Marsupialia  (pouched  mammals) 

Family  Didelphidae  (Opossums) 

Didelphis  virginiana  Kerr,  opossum 
Order  Insectivora  (shrews  and  moles) 

Family  Soricidae  (shrews) 

Blarina  brevicauda  (Say),  short-tailed  shrew 

Cryptotis  parva  (Say),  least  shrew 

Sorex  cinereus  Kerr,  masked  shrew 

S.  fumeus  Miller,  smoky  shrew 

S.  hoyi  Baird,  pygmy  shrew 

S.  longirostris  Bachman,  southeastern  shrew 

Family  Talpidae  (moles) 

Condylura  cristata  (Rafinesque),  star-nosed  mole 
Scalopus  aquaticus  (Linnaeus),  eastern  mole 

Order  Chiroptera  (bats) 

Family  Vespertilionidae  (Vespertilionid  bats) 

Eptesicus  fuscus  (Beauvois),  big  brown  bat 

Lasionycteris  noctivagans  (Le  Conte),  silver-haired  bat 

Lasiurus  borealis  (Muller),  red  bat 

L.  cinereus  (Beauvois),  hoary  bat 

Myotis  austwriparius  (Rhoads),  southeastern  myotis 

M.  grisescens  (Howell),  gray  myotis 

M.  lucifugus  (Le  Conte),  little  brown  myotis 

M.  septentrionalis  Trouessart,  Northern  myotis 

M.  sodalis  Miller  and  Allen,  Indiana  myotis 

Nycticeius  humeralis  (Rafinesque),  evening  bat 

Pipistrellus  subflavus  (Cuvier),  eastern  pipistrelle 

Plecotus  rafinesquii  Lesson,  Rafinesque's  big-eared  bat 

Order  Lagomorpha  (rabbits,  hares,  and  pikas) 

Family  Leporidae  (rabbits  and  hares) 

Sylvilagus  aquaticus  (Bachman),  swamp  rabbit 
S.  floridanus  (Allen),  cottontail  rabbit 
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Order  Rodentia  (rodents) 

Family  Sciuridae  (squirrels) 

Glaucomys  volans  (Linneaus),  southern  flying  squirrel 
Marmota  monax  (Linneaus),  woodchuck 
Sciurus  carolinensis  Gmelin,  gray  squirrel 
S.  niger  Linnaeus,  fox  squirrel 
Spermophilus  franklinii  (Sabine),  Franklin's 

ground  squirrel 
S.  tridecemlineatus  (Mitchill),  thirteen-lined 

ground  squirrel 
Tamias  striatus  (Linnaeus),  eastern  chipmunk 
Tamiasciurus  hudsonicus  (Erxleben),  red  squirrel 

Family  Geomyidae  (pocket  gophers) 

Geomys  bursarius  (Shaw),  plains  pocket  gopher 
Family  Castoridae  (beavers) 

Castor  canadensis  Kuhl,  beaver 

Family  Muridae  (rats,  voles,  and  mice  ) 

Subfamily  Cricetinae 

Neotoma  floridana  (Ord),  eastern  woodrat 
Peromyscus  leucopus  (Rafinesque),  white-footed  mouse 
P.  maniculatus  (Wagner),  deer  mouse 
Reithrodontomys  megalotis  (Baird),  western  harvest 
mouse 

Subfamily  Microtinae 

Microtus  ochrogaster  (Wagner),  prairie  vole 
M.  pennsylvanicus  (Ord),  meadow  vole 
M.  pinetorum  (Le  Conte),  woodland  vole 
Ondatra  zibethicus  (Linnaeus),  muskrat 
Synaptomys  cooperi  Baird,  southern  bog  lemming 

Subfamily  Murinae 

Mus  musculus  Linneaus,  house  mouse 
Rattus  norvegicus  (Berkenhout),  Norway  rat 

Family  Zapodidae  (jumping  mice) 

Zapus  hudsonius  (Zimmermann),  meadow  jumping  mouse 

Order  Carnivora  (carnivores) 

Family  Canidae  (canids) 

Canis  latrans  Say,  coyote 

Urocyon  cinereoargenteus  (Schreber),  gray  fox 

Vulpes  vulpes  (Linnaeus),  red  fox 


ST 


SC 


X 

X 
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Family  Procyonidae  (raccoons  and  allies) 

Procyon  lotor  (Linneaus),  raccoon 

Family  Mustelidae  (weasels,  skunks,  badger) 

Mephitis  mephitis  (Schreber),  striped  skunk 
Mustela  frenata  Lichtenstein,  long-tailed  weasel 
M.  nivalis  (Linnaeus),  least  weasel 
M.  vison  Schreber,  mink 
Taxidea  taxus  (Schreber),  badger 

Family  Felidae  (cat) 

Lynx  rufus  (Schreber),  bobcat 

Order  Artiodactyla 

Family  Cervidae  (deer) 

Odocoileus  virginianus  (Zimmermann),  white-tailed  deer 


I 

c 

I 

0 

Nf 

R 

SC 

I 

O 

I 

R 

ST 

Hypothetical 


Extirpated 


Myotis  leibi  (Audubon  and  Bachman),  Leib's  bat 
Reithrodontomys  humulis  (Audubon  and  Bachman), 
eastern  harvest  mouse 


Bison  bison  (Linnaeus),  bison 

Canis  lupus  Linnaeus,  timber  (gray)  wolf 

C.  rufus  (Audubon  and  Bachman),  red  wolf 

Cervus  elaphus  Linnaeus,  elk  (wapiti) 

Erethizon  dorsatum  (Linnaeus),  porcupine 

Felis  concolor  Linnaeus,  mountain  lion 

Gulo  gulo  (Linnaeus),  wolverine 

Lutra  canadensis  (Schreber),  river  otter 

Lynx  lynx  Kerr,  lynx 

Martes  pennanti  (Erxleben),  fisher 

Spilogale  putorius  (Linneaus),  eastern  spotted  skunk 

Ursus  americanus  Pallas,  black  bear 


R 


SE 


Ex  (1830) 
Ex (1908) 
Ex  (1832) 
Ex  (1830) 
Ex  (1918) 
Ex  (1851) 
Ex  (1852) 
Ex  (1942) 
Ex  (1832?) 
Ex  (1859) 
Ex  (1920?) 
Ex  (1850) 


Esox  masquinongy  from  the  Great  Lakes  is  extirpated,  but  another  Ohio  River  form  of 
questionable  status  exists. 

It  is  questionable  whether  Percina  uranidea  ever  existed  in  Indiana.  It  is  likely  that 
samples  were  confused  between  Indiana  and  Arkansas  specimens  or  that  the  species  is  P. 
vigil. 


Vol.  101  (1992) 


Indiana  Academy  of  Science 


111 


Table  2.  Checklist  of  the  birds  of  Indiana. 


Relative 
Range        Abund.    Season 


Status 


Class  Aves 

Order  Gaviiformes  (loons) 
Family  Gaviidae  (loons) 


Gavia  adamsii  (Gray),  yellow-billed  loon 

G.  immer  (Brunnich),  common  loon 

G.  pacifica  (Lawrence),  pacific  loon 

G.  stellata  (Pontoppidan),  red-throated  loon 

Order  Podicipediformes  (grebes) 

Family  Podicipedidae  (grebes) 

Aechmophorus  occidentalis  (Lawrence), 

western  grebe 
Podiceps  auritus  (Linnaeus),  horned  grebe 
P.  grisegena  (Boddaert),  red-necked  grebe 
P.  nigricollis  Brehm,  eared  grebe 
Podilymbus  podiceps  (Linnaeus), 

pied-billed  grebe 

Order  Procellariiformes  (tube-nosed  swimmers) 

Family  Hydrobatidae  (storm-petrels) 

Oceanodroma  castro  (Harcourt), 
band-rumped  storm-petrel 

Order  Pelecaniformes  (totipalmate  swimmers) 

Family  Sulidae  (boobies  and  gannets) 

Morus  bassanus  (Linnaeus),  northern  gannet 

Family  Pelecanidae  (pelicans) 

Pelecanus  erythrorhynchos  Gmelin,  American 

white  pelican 
P.  occidentalis  Linnaeus,  brown  pelican 

Family  Phalacrocoracidae  (double-crested  commorant) 

Phalacrocorax  auritus  (Lesson), 
double-crested  cormorant 

Family  Anhingidae  (darters) 

Anhinga  anhinga  (Linnaeus),  anhinga 


I 

R 

H 

I 

C 

M*   Ex  (1893) 

I 

R 

A 

I 

0 

M 

I 

R 

A 

I 

0 

W*  Ex  (1878) 

I 

R 

A 

I 

R 

A 

R 


R 


0 


R 


R; 


A 

A 


M*   Ex  (1953) 
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Family  Fregatidae  (frigatebirds) 

Fregata  magnificens  Mathews,  magnificent 
frigatebird 
Order  Ciconiiformes  (herons,  ibises,  storks,  and  allies) 

Family  Ardeidae  (bitterns  and  herons) 

Ardea  herodias  Linnaeus,  great  blue  heron 
Botaurus  lentiginosus  (Rackett), 

American  bittern 
Bubulcus  ibis  (Linnaeus),  cattle  egret 
Butorides  striatus  (Linnaeus),  green-backed 

heron 
Casmerodius  albus  (Linnaeus),  great  egret 
Egretta  thula  (Molina),  snowy  egret 
E.  caerulea  (Linnaeus),  little  blue  heron 
E.  tricolor  (Miiller),  tricolored  heron 
Ixobrychus  exilis  (Gmelin),  least  bittern 
Nycticorax  nycticorax  (Linnaeus), 

black-crowned  night-heron 
Nyctanassa  violacea  (Linnaeus), 

yellow-crownednight-heron 

Family  Threskiornithidae  (ibises) 

Ajaia  ajaja  (Linnaeus),  roseate  spoonbill 
Eudocimus  albus  (Linnaeus),  white  ibis 
Plegadis  falcinellus  (Linnaeus),  glossy  ibis 
P.  chihi  (Vieillot),  white-faced  ibis 

Family  Ciconiidae  (storks) 

Mycteria  americana  Linnaeus,  wood  stork 

Order  Anseriformes  (swans,  geese,  and  ducks) 

Family  Anatidae  (swans,  geese,  and  ducks) 

Subfamily  Anserinae  (swans  and  geese) 

Tribe  Dendrocygnini  (whistling  ducks) 

Dendrocygna  bicolor  (Vieillot),  fulvous 
whistling-duck 

Tribe  Cygnini  (swans) 

Cygnus  buccinator  Richardson,  trumpeter  swan 

C.  columbianus  (Ord),  tundra  swan 
C.  olor  (Gmelin),  mute  swan 


R 


R 


R 


R* 


R 

S* 

R 

M 

C 

S* 

0 

S* 

R 

A 

R 

S* 

R 

A 

R 

S* 

R 

S* 

R 

s* 

s 

R 

A 

s 

R 

A 

I 

R 

A 

I 

R 

A 

SE 

SE 

sc 

SE 
SE 


FE 


I 

R 

A* 

FE,Ex 

(1873) 
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R* 
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Range 


Relative 
Abund.    Season 


Status 


Tribe  Anserini  (geese) 

Anser  albifrons  (Scopoli),  greater 

white-fronted  goose 
Branta  bernicla  (Linnaeus),  brant 
B.  canadensis  (Linnaeus),  Canada  goose 
Chen  caerulescens  (Linnaeus),  snow  goose 
C  rossii  (Cassin),  Ross'  goose 

Subfamily  Anatinae  -  ducks 

Tribe  Cairinini  (wood  ducks) 

Aix  sponsa  (Linnaeus),  wood  duck 

Tribe  Anatini  (dabbling  ducks) 

Anas  crecca  (Linnaeus),  green-winged  teal 
A,  rubripes  Brewster,  American  black  duck 
A.  platyrhynchos  Linnaeus,  mallard 
A.  acuta  Linnaeus,  northern  pintail 
A.  discors  Linnaeus,  blue-winged  teal 
A.  cyanoptera  Vieillot,  cinnamon  teal 
A.  clypeata  Linnaeus,  northern  shoveler 
A.  strepera  Linnaeus,  gadwall 
A.  penelope  Linnaeus,  Eurasian  wigeon 
A.  americana  Gmelin,  American  wigeon 

Tribe  Aythyini  (diving  ducks) 

Aythya  valisineria  (Wilson),  canvasback 
A.  americana  (Eyton),  redhead 
A.  collaris  (Donovan),  ring-necked  duck 
A.  marila  (Linnaeus),  greater  scaup 

A.  affinis  (Eyton),  lesser  scaup 

Tribe  Mergini  (eiders  and  mergansers) 

Bucephala  clangula  (Linnaeus), 
common  goldeneye 

B.  islandica  (Gmelin),  Barrow's  goldeneye 
B.  albeola  (Linnaeus),  bufflehead 
Clangula  hyemalis  (Linnaeus),  oldsquaw 
Histrionicus  histrioncus  (Linnaeus), 

harlequin  duck 
Lophodytes  cucullatus  (Linnaeus), 

hooded  merganser 
Melanitta  nigra  (Linnaeus),  black  scoter 
M.  perspicillata  (Linnaeus),  surf  scoter 
M.fusca  (Linnaeus),  white-winged  scoter 
Mergus  merganser  Linnaeus, 

common  merganser 
M.  serrator  Linnaeus,  red-breasted 

merganser 
Somateria  mollissima  (Linnaeus), 

common  eider 


I 

R 

M 

N 

R 

A 

I 

A 

R* 

1 

0 

M 

I 

R 

A 

N 


R 


R* 


I 

0 

R* 

I 

c 

R* 

I 

c 

R* 

I 

0 

M* 

I 

0 

S* 

1 

R 

A 

1 

0 

S* 

1 

0 

M* 

1 

R 

A 

I 

0 

M* 

Ex (1889) 


I 

() 

M 

I 

0 

M* 

1 

() 

M* 

* 
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W 

I 

c 

W*  Ex  (1952) 
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N 
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A 

I 

() 
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N 
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Range       Abund.    Season        Status 

S.  spectabilis  (Linnaeus),  king  eider  N  R  A 

Tribe  Oxyurini  (stiff  tail  ducks) 

Oxyura  jamaicensis  (Gmelin),  ruddy  duck  I  O  M* 

Order  Falconiformes  (diurnal  birds  of  prey) 

Family  Cathartidae  (American  vultures) 

Cathartes  aura  (Linnaeus),  turkey  vulture  I  C  R* 

Coragyps  atratus  (Bechstein),  black  vulture  S  R  R*  SC 

Family  Accipitridae  (kites,  eagles,  hawks,  and  allies) 

Subfamily  Pandioninae  (osprey) 

Pandion  haliaetus  (Linnaeus),  osprey  I  R  S*  SE 

Subfamily  Accipitrinae  (kites,  hawks,  and  eagles) 

Accipiter  striatus  Vieillot,  sharp-shinned  hawk 
A.  coopehi  (Bonaparte),  Cooper's  hawk 

A.  gentilis  (Linnaeus),  northern  goshawk 
Aquila  chrysaetos  (Linnaeus),  golden  eagle 
Buteo  lineatus  (Gmelin),  red-shouldered  hawk 

B.  platypterus  (Vieillot),  broad-winged  hawk 
B.  swainsoni  Bonaparte,  Swainson's  hawk 
B.  jamaicensis  (Gmelin),  red-tailed  hawk 
B.  regalis  (Gray),  ferruginous  hawk 
B.  lagopus  (Pontoppidan),  rough-legged  hawk 
Circus  cyaneus  (Linnaeus),  northern  harrier 
Elanoides  forficatus  (Linnaeus),  American 

swallow-tailed  kite  I  R  A*    Ex  (1820) 

Elanus  caeruleus  (Desfontaines), 

black-shouldered  kite  I  R  A 

Haliaeetus  leucocephalus  (Linnaeus), 

bald  eagle  I  R  R*  SE,FE 

Ictinia  mississippiensis  (Wilson), 

Mississippi  kite  I  R  A*    Ex  (1878) 

Family  Falconidae  (falcons) 

Falco  columbarius  Linnaeus,  merlin 

F.  mexicanus  Schlegel,  prairie  falcon 

F.  peregrinus  Tunstall,  peregrine  falcon  I  R  M*         SE,FE 

F.  rusticolus  Linnaeus,  gyrfalcon 

F.  sparverius  Linnaeus,  American  kestrel 

Order  Galliformes  (gallinaceous  birds) 

Family  Phasianidae  (grouse,  turkey,  and  quail) 


I 

0 

R* 

SC 

I 

0 

R* 

SC 

N 

R 

W 

I 

R 

M 

I 

0 

R* 

SC 

I 

0 

S* 

SC 

W 

R 

A 

I 

A 

R* 

W 

R 

A 

I 

0 

W 

I 

0 

R* 

SE 

I 

R 

M 

w 

R 

A 

I 

R 

M* 

N 

R 

H 

I 

C 

R* 

Vol.  101  (1992) 


Indiana  Academy  of  Science 


115 


Range 


Relative 

Abund.    Season        Status 


Subfamily  Phasianinae  (pheasants) 

Phasianus  colchicus  Linnaeus,  ring-necked 
pheasant 

Subfamily  Tetraoninae  (grouse) 

Bonasa  umbellus  (Linnaeus),  ruffed  grouse 
Tympanuchus  phasianellus  (Linnaeus), 
sharp-tailed  grouse 

Subfamily  Meleagridinae  (turkeys) 

Meleagris  gallopavo  Linneaus,  wild  turkey 

Subfamily  Odontophorinae  (quail) 

Colinus  virginanus  (Linnaeus),  northern 
bobwhite 

Order  Gruiformes  (cranes,  rails,  and  allies) 

Family  Rallidae  (rails,  gallinules,  and  coots) 

Coturnicops  noveboracensis  (Gmelin), 

yellow  rail 
Fulica  americana  (Gmelin),  American  coot 
Gallinula  chloropus  (Linnaeus),  common 

moorhen 
Laterallus  jamaicensis  (Gmelin),  black  rail 
Porphyrula  martinica  (Linnaeus),  purple 

gallinule 
Porzana  Carolina  (Linnaeus),  sora 
Rallus  elegans  Audubon,  king  rail 
R.  limicola  Vieillot,  Virginia  rail 

Family  Gruidae  (cranes) 

Grus  canadensis  (Linnaeus),  sandhill  crane 

Order  Charadriiformes  (shorebirds,  gulls,  auks,  and  allies) 

Family  Charadriidae  (plovers) 

Charadrius  alexandrinus  Linnaeus, 

snowy  plover 
C.  melodus  Ord,  piping  plover 

C.  semipalmatus  Bonaparte,  semipalmated 

plover 
C.  vociferus  Linnaeus,  killdeer 
Pluvialis  squatarola  (Linnaeus),  black-bellied 

plover 
P.  dominica  (Muller),  lesser  golden-plover 


N 

S 

NW 
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O 

C) 
R 

0 


() 


R* 

R* 
H 

R* 


X 


R:: 


I                R 

M 

I                O 

R* 

I                R 
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Family  Recurvirostridae  (stilts  and  avocets) 

Himantopus  mexicanus  (Miiller),  black-necked 

stilt  I 

Recurvi rostra  americana  Gmelin,  American  a 

vocet  I 

Family  Scolopacidae  (sandpipers,  phalaropes,  and  allies) 

Subfamily  Scolopacinae  (sandpipers,  phalaropes,  and  allies) 

Tribe  Tringini 

Actitis  macularia  (Linnaeus),  spotted  sandpiper 
Catoptrophorus  semipalmatus  (Gmelin),  willet 
Tringa  melanoleuca  (Gmelin),  greater  yellowlegs 
T.flavipes  (Gmelin),  lesser  yellowlegs 
T.  solitaria  Wilson,  solitary  sandpiper 

Tribe  Numeniini 


Bartramia  longicauda  (Bechstein),  upland 

sandpiper 
Numenius  americanus  Bechstein,  long-billed 

curlew 
N.  phaeopus  (Linnaeus),  whimbrel 

Tribe  Limosini 

Limosa  fedoa  (Linnaeus),  marbled  godwit 
L.  haemastica  (Linnaeus),  Hudsonian  godwit 

Tribe  Arenariini 


R 
R 


M*   Ex  (1814) 


I                0 

s* 

I                R 

M 

I                0 

M 

I                0 

M 

I               0 

M 

SE 


A 
M 


A 

A 


Arenaria  interpres  (Linnaeus),  ruddy  turnstone       I  R  M 

Tribe  Calidridini 

Calidris  acuminata  (Horsfield),  sharp-tailed 

sandpiper 
C.  alba  (Pallas),  sanderling 
C.  alpina  (Linnaeus),  dunlin 
C.  bairdii  (Coues),  Baird's  sandpiper 
C.  canutus  (Linnaeus),  red  knot 
C.  ferruginea  (Pontoppidan),  curlew  sandpiper 
C.  fuscicollis  (Vieillot),  white-rumped  sandpiper 
C.  himantopus  (Bonaparte),  stilt  sandpiper 
C.  maritima  (Briinnich),  purple  sandpiper 
C.  mauri  (Cabanis),  western  sandpiper 
C.  melanotos  (Vieillot),  pectoral  sandpiper 
C.  minutilla  (Vieillot),  least  sandpiper  M 

C.  pusilla  (Linnaeus),  semipalmated  sandpiper 
Philomachus  pugnax  (Linnaeus),  ruff 
Tryngites  subruficollis  (Vieillot),  buff-breasted 

sandpiper  I  R  M 
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Abund.    Season 


Status 


Tribe  Limnodromini 

Limnodromus  griseus  (Gmelin),  short-billed 

dowitcher 
L.  scolopaceus  (Say),  long-billed  dowitcher 

Tribe  Gallinagonini 


Gallinago  gallinago  (Linnaeus),  common  snipe      I 
Tribe  Scolopacini 

Scolopax  minor  Gmelin,  American  woodcock         I 
Subfamily  Phalaropodinae 


Phalaropus  fulicaria  (Linnaeus),  red  phalarope 
P.  lobatus  (Linnaeus),  red-necked  phalarope 
Phalaropus  tricolor  (Vieillot),  Wilson's 
phalarope 

Family  Laridae  (skuas,  gulls,  terns,  and  skimmers) 

Subfamily  Stercorariinae  (jaegers) 

Stercorarius  pomarinus  (Temminck), 

pomarine  jaeger 
S.  parasiticus  (Linnaeus),  parasitic  jaeger 
S.  longicaudus  Vieillot,  long-tailed  jaeger 

Subfamily  Larinae  (gulls) 

Larus  argentatus  Pontoppidan,  herring  gull 

L.  atricilla  Linnaeus,  laughing  gull 

L.  californicus  Lawrence,  California  gull 

L.  canus  Linnaeus,  mew  gull 

L.  delawarensis  Ord,  ring-billed  gull 

L.fuscus  Linnaeus,  lesser  black-backed  gull 

L.  glaucoides  Meyer,  Iceland  gull 

L.  hyperboreus  Gunnerus,  glaucous  gull 

L.  marinus  Linnaeus,  great  black-backed  gull 

L.  minutus  Pallas,  little  gull 

L.  Philadelphia  (Ord),  Bonaparte's  gull 

L.  pipixcan  Wagler,  Franklin's  gull 

L.  ridibundus  Linnaeus,  common  black-headed 

gull 
L.  thayeri  Brooks,  Thayer's  gull 
Rissa  tridactyla  (Linnaeus),  black-legged 

kittiwake 
Rhodostethia  rosea  (MacGillivray),  Ross'  gull 
Xema  sabini  (Sabine),  Sabine's  gull 

Subfamily  Sterninae  (terns) 

Chlidonias  leucopterus  (Temminck), 
white-winged  tern 
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C.  niger  (Linnaeus),  black  tern 
Sterna  antillarum  (Lesson),  least  tern 
S.  caspia  Pallas,  Caspian  tern 
S.  dougallii  Montagu,  roseate  tern 
S.forsteri  Nuttall,  Forster's  tern 
S.  hirundo  Linnaeus,  common  tern 
S.  maxima  Boddaert,  royal  tern 
S.  paradisaea  Pontoppidan,  arctic  tern 

Subfamily  Rynchopinae  (skimmers) 

Rynchops  niger  Linnaeus,  black  skimmer 

Family  Alcidae  (auks,  murres,  and  puffins) 

Brachyramphus  brevirostris  (Vigors),  Kittlitz's 
murrelet 

B.  marmoratus  (Gmelin),  marbled  murrelet 
Synthliboramphus  antiquus  (Gmelin), 

ancient  murrelet 
Uria  lomvia  (Linnaeus),  thick-billed  murre 

Order  Columbiformes  (pigeons  and  doves) 

Family  Columbidae  (pigeons  and  doves) 

Columba  fasciata  Say,  band-tailed  pigeon 

C.  livia  Gmelin,  rock  dove 
Columbinas  passerina  (Linnaeus),  common 

ground-dove 
Streptopelia  risoria  (Linnaeus),  ringed 

turtle-dove 
Zenaida  macroura  (Linnaeus),  mourning  dove 

Order  Psittaciformes  (parrots  and  allies) 

Family  Psittacidae  (parrots  and  allies) 

Myiopsitta  monachus  (Boddaert),  monk 
parakeet 


Order  Cuculiformes  (cuckoos) 
Family  Cuculidae  (cuckoos) 


Coccyzus  americanus  (Linnaeus), 

yellow-billed  cuckoo 
C.  erythropthalmus  (Wilson),  black-billed 

cuckoo 
Crotophaga  ani  Linnaeus,  smooth-billed  ani 
C.  sulcirostris  Swainson,  groove-billed  ani 
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Family  Tytonidae  (barn  owls) 

Tyto  alba  (Scopoli),  barn  owl 

Family  Strigidae  (typical  owls) 

Aegolius  acadicus  (Gmelin),  northern 

saw-whet  owl 
Asio  otus  (Linnaeus),  long-eared  owl 
A.  flammeus  (Pontoppidan),  short-eared  owl 
Athene  cunicularia  (Molina),  burrowing  owl 
Bubo  virginianus  (Gmelin),  great  horned  owl 
Nyctea  scandiaca  (Linnaeus),  snowy  owl 
Otus  asio  (Linnaeus),  eastern  screech-owl 
Strix  nebulosa  Forster,  great  gray  owl 
S.  varia  Barton,  barred  owl 
Surnia  ulula  (Linnaeus),  northern  hawk  owl 

Order  Caprimulgiformes  (goatsuckers,  oilbirds,  and  allies) 

Family  Caprimulgidae  (goatsuckers) 

Caphmulgus  carolinensis  Gmelin, 

chuck- will's  widow 
C.  vociferus  Wilson,  whip-poor-will 
Chordeiles  minor  (Forster),  common  nighthawk      I 

Order  Apodiformes  (swifts  and  hummingbirds) 

Family  Apodidae  (swifts) 

Chaetura  pelagica  (Linnaeus),  chimney  swift         I 

Family  Trochilidae  (hummingbirds) 


Archilochus  colubris  (Linnaeus),  ruby-throated 

hummingbird 
Selasphorus  rufus  (Gmelin),  rufous 

hummingbird 

Order  Coraciiformes  (todies,  motmots,  and  kingfishers) 
Family  Alcedinidae  (kingfishers) 

Ceryle  alcyon  (Linnaeus),  belted  kingfisher 
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Order  Piciformes  (woodpeckers  and  allies) 
Family  Picidae  (woodpeckers) 


Colaptes  auratus  (Linnaeus),  northern  flicker 
Dryocopus  pileatus  (Linnaeus),  pileated 

woodpecker 
Melanerpes  carolinus  (Linnaeus),  red-bellied 

woodpecker 
M.  erythrocephalus  (Linnaeus),  red-headed 

woodpecker 
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R* 
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Picoides  arcticus  (Swainson),  black-backed 

woodpecker 
P.  pubescens  (Linnaeus),  downy  woodpecker 
P.  villosus  (Linnaeus),  hairy  woodpecker 
Sphyrapicus  varius  (Linnaeus),  yellow-bellied 

sapsucker 


Order  Passeriformes  (passerine  birds) 
Family  Tyrannidae  (flycatchers) 


Subfamily  Fluvicolinae 


Contopus  borealis  (Swainson),  olive-sided 

flycatcher 
C.  sordidulus  Sclater,  western  wood-pewee 
C.  virens  (Linnaeus),  eastern  wood-pewee 
Empidonax  alnorum  Brewster,  alder  flycatcher 
E.  flaviventris  (Baird  and  Baird), 

yellow-bellied  flycatcher 
E.  minimus  (Baird  and  Baird),  least  flycatcher 
E.  traillii  (Audubon),  willow  flycatcher 
E.  virescens  (Vieillot),  Acadian  flycatcher 
Myiarchus  crinitus  (Linnaeus),  great  crested 

flycatcher 
Sayornis  phoebe  (Latham),  eastern  phoebe 
S.  soya  (Bonaparte),  Say's  phoebe 


Subfamily  Tyranninae 


Tyrannus  forficatus  (Gmelin),  scissor-tailed 

flycatcher 
T.  tyrannus  (Linnaeus),  eastern  kingbird 
T.  verticalis  Say,  western  kingbird 


Family  Alaudidae  (larks) 
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Eremophila  alpestris  (Linnaues),  horned  lark 

Family  Hirundinidae  (swallows) 

Hirundo  pyrrhonota  Vieillot,  cliff  swallow 
H.  rustica  Linnaeus,  barn  swallow 
Progne  subis  (Linnaeus),  purple  martin 
Riparia  riparia  (Linnaeus),  bank  swallow 
Stelgidopteryx  serripennis  (Audubon), 
northern  rough-winged  swallow 
Tachycineta  bicolor  (Vieillot),  tree  swallow 

Family  Corvidae  (jays,  magpies,  and  crows) 

Corvus  brachyrhynchos  Brehm,  American  crow  I 

C.  ossifragus  Wilson,  fish  crow  S 

Cyanocitta  cristata  (Linnaeus),  blue  jay  I 

Pica  pica  (Linnaeus),  black-billed  magpie  I 


R 


C 


R* 


R 

M 

R 

A 

C 

S* 

R 

s* 

R 

M 

R 

S* 

0 

s* 

0 

s* 

0 

s* 

0 

R* 

R 

H 

S 

R 

A* 

I 

C 

S* 

I 

R 

A 

R;i 


I 

R 

s* 

I 

A 

s* 

I 

C 

s* 

I 

0 

s* 

I 

0 

s* 

I 

0 

s* 

A 

R* 

R 

H 

A 

R* 

R 

A 

sc 


Vol.  101  (1992) 


Indiana  Academy  of  Science 


121 


Range 


Relative 
Abund.    Season 


Status 


Family  Paridae  (titmice) 


N 

I 
I 


Parus  atricapillus  Linnaeus,  black-capped 

chickadee 
P.  bicolor  Linnaeus,  tufted  titmouse 
P.  carolinensis  Audubon,  Carolina  chickadee 
P.  hudsonicus  Forster,  boreal  chickadee 


Family  Sittidae  (nuthatches) 

Sitta  canadensis  Linnaeus,  red-breasted 

nuthatch 
S.  carolinensis  Latham,  white-breasted 

nuthatch 
S.  pusilla  Latham,  brown-headed  nuthatch 

Family  Certhiidae  (creepers) 

Certhia  americana  Bonaparte,  brown  creeper 

Family  Troglodytidae  (wrens) 

Cistothorus  palustris  (Wilson),  marsh  wren 
C.  platensis  (Latham),  sedge  wren 
Salpinctes  obsoletus  (Say),  rock  wren 
Thryomanes  bewickii  (Audubon), 

Bewick's  wren 
Thryothorus  ludovicianus  (Latham), 

Carolina  wren 
Troglodytes  aedon  Vieillot,  house  wren 
T.  troglodytes  (Linnaeus),  winter  wren 

Family  Muscicapidae  (muscicapids) 

Subfamily  Sylvinnae  (old  world  warblers,  kinglets,  gnatcatchers) 

Polioptila  caerulea  (Linnaeus),  blue-gray 

gnatcatcher  I 

Regulus  calendula  (Linnaeus),  ruby-crowned 

kinglet  I 

R.  satrapa  Lichtenstein,  golden-crowned 

kinglet  I 

Subfamily  Turdinae  (thrushes) 


Catharus  fusee scens  (Stephens),  veery 
C.  minimus  (Lafresnaye),  gray-cheeked 

thrush 
C.  guttatus  (Pallas),  hermit  thrush 
C.  ustulatus  (Nuttall),  Swainson's  thrush 
Hylocichla  mustelina  (Gmelin),  wood  thrush 
Ixoreus  naevius  (Gmelin),  varied  thrush 
Sialia  sialis  (Linnaeus),  eastern  bluebird 
Turdus  migratorius  Linnaeus, 

American  robin 
Venanthe  venanthe  (Linnaeus),  bluethroat 
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Family  Midmidae  (mimic  thrushes) 


Dumetella  carolinensis  (Linnaeus),  gray  catbird  I 
Mimus  polyglottos  (Linnaeus), 

northern  mockingbird  I 

Toxo stoma  rufum  (Linnaeus),  brown  thrasher  I 


C 
C 


R* 
R* 


Family  Motacillidae  (wagtails  and  pipits) 

Anthus  rubescens  (Tunstall),  American  pipit  I 

A.  spragueii  (Audubon),  Sprague's  pipit  I 

Family  Bombycillidae  (waxwings)5 

Bombycilla  cedrorum  Vieillot,  cedar  waxwing        I 

B.  garrulus  (Linnaeus),  Bohemian  waxwing  N 

Family  Laniidae  (shrikes) 

Lanius  excubitor  Linnaeus,  northern  shrike  N 

L.  ludovicianus  Linnaeus,  loggerhead  shrike  I 

Family  Sturnidae  (starlings) 

Stumus  vulgaris  Linnaeus,  European  starling  I 

Family  Vireonidae  (vireos) 

Vireo  bellii  Audubon,  Bell's  vireo  W 

V.  flavifrons  (Vieillot),  yellow-throated  vireo 

V.  gilvus  (Vieillot),  warbling  vireo 

V.  griseus  (Boddaert),  white-eyed  vireo 

V.  olivaceus  (Linnaeus),  red-eyed  vireo 

V.  philadelphicus  (Cassin),  Philadelphia  vireo 

V.  solitarius  (Wilson),  solitary  vireo 

Family  Emberizidae  (emberizids) 

Subfamily  Parulinae  (new  world  warblers) 

Dendroica  caerulescens  (Gmelin), 

black-throated  blue  warbler 
D.  castanea  (Wilson),  bay-breasted  warbler 
D.  cerulea  (Wilson),  cerulean  warbler 
D.  coronata  (Linnaeus),  yellow-rumped 

warbler 
D.  discolor  (Vieillot),  prairie  warbler 
D.  dominica  (Linnaeus),  yellow-throated 

warbler 
D.  fusca  (Miiller),  blackburnian  warbler 
D.  kirtlandii  (Baird),  Kirtland's  warbler 
D.  magnolia  (Wilson),  magnolia  warbler 
D.  nigrescens  (Townsend),  black-throated 

gray  warbler 
D.  palmarum  (Gmelin),  palm  warbler 
D.  pensylvanica  (Linnaeus),  chestnut-sided 

warbler  N 
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D.  petechia  (Linnaeus),  yellow  warbler  I 

D.  pinus  (Wilson),  pine  warbler  S 

D.  striata  (Forster),  blackpoll  warbler 
D.  tigrina  (Gemlin),  Cape  May  warbler 
D.  townsendi  (Townsend),  Townsend's 

warbler 
D.  virens  (Gmelin),  black-throated  green 

warbler 
Geothlypis  trichas  (Linnaeus),  common 

yellowthroat 
Helmitheros  vermivorus  (Gmelin), 

worm-eating  warbler 
Icteria  virens  (Linnaeus),  yellow-breasted 

chat 
Limnothlypis  swainsonii  (Audubon), 

Swainson's  warbler  SW 

Mniotilta  varia  (Linnaeus),  black-and-white 

warbler 
Oporornis  agilis  (Wilson),  Connecticut 

warbler 
O.  formosus  (Wilson),  Kentucky  warbler 
O.  Philadelphia  (Wilson),  mourning  warbler 
O.  tolmiei  (Townsend),  MacGillivray's  warbler 
Parula  americana  (Linnaeus),  northern  parula 
Protonotaria  citrea  (Boddaert),  prothonotary 

warbler 
Seiurus  aurocapillus  (Linnaeus),  ovenbird 
S.  motacilla  (Vieillot),  Louisiana  waterthrush 
S.  noveboracensis  (Gmelin),  northern 

waterthrush 
Setophaga  ruticilla  (Linnaeus), 

American  redstart 
Vermivora  celata  (Say),  orange-crowned 

warbler 
V.  chrysoptera  (Linnaeus),  golden-winged 

warbler 
V.  peregrina  (Wilson),  Tennessee  warbler 
V.  pinus  (Linnaeus),  blue-winged  warbler 
V.  ruficapilla  (Wilson),  Nashville  warbler 
Wilsonia  canadensis  (Linnaeus),  Canada 

warbler  N 

W.  citrina  (Boddaert),  hooded  warbler 
W.  pusilla  (Wilson),  Wilson's  warbler 
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Subfamily  Thraupinae  (tanagers) 


Piranga  ludoviciana  (Wilson), 

western  tanager 
P.  olivacea  (Gmelin),  scarlet  tanager 
P.  rubra  (Linnaeus),  summer  tanager 
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Subfamily  Cardinalinae  (grosbeaks) 


Cardinalis  cardinalis  (Linnaeus), 

northern  cardinal  I  A 

Guiraca  caerulea  (Linnaeus),  blue  grosbeak  S  O 
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S* 
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Passerina  amoena  (Say),  lazuli  bunting 
P.  ciris  (Linnaeus),  painted  bunting 
P.  cyanea  (Linnaeus),  indigo  bunting 
Pheucticus  ludovicianus  (Linnaeus), 

rose-breasted  grosbeak 
P.  melanocephalus  (Swainson), 

black-headed  grosbeak 
Spiza  americana  (Gmelin),  dickcissel 

Subfamily  Emberizinae  (new  world  sparrows) 

Aimophila  aestivalis  (Lichtenstein), 

Bachman's  sparrow 
A.  cassinii  (Woodhouse),  Cassin's  sparrow 
Ammodramus  caudacutus  (Gmelin), 

sharp-tailed  sparrow 
A.  henslowii  (Audubon),  Henslow's  sparrow 
A.  leconteii  (Audubon),  LeConte's  sparrow 
A.  savannarum  (Gmelin),  grasshopper  sparrow 
Calamospiza  melanocorys  Stejneger, 

lark  bunting 
Calcarius  lapponicus  (Linnaeus), 

Lapland  longspur 
C.  mccownii  (Lawrence),  McCown's  longspur 
C.  ornatus  (Townsend),  chestnut-collared 

longspur 
C.  pictus  (Swainson),  Smith's  longspur 
Chondestes  grammacus  (Say),  lark  sparrow 
Junco  hyemalis  (Linnaeus),  dark-eyed  j unco 
Melospiza  georgiana  (Latham),  swamp  sparrow 
M.  lincolnii  (Audubon),  Lincoln's  sparrow 
M.  melodia  (Wilson),  song  sparrow 
Passerculus  sandwichensis  (Gmelin), 

savannah  sparrow 
Passerella  iliaca  (Merrem),  fox  sparrow 
Pipilo  chlorurus  (Audubon),  green-tailed 

towhee 
P.  erythrophthalmus  (Linnaeus), 

rufous-sided  towhee 
Plectrophenax  nivalis  (Linnaeus), 

snow  bunting 
Pooecetes  gramineus  (Gmelin), 

vesper  sparrow 
Spizella  arborea  (Wilson),  American 

tree  sparrow 
S.  pallida  (Swainson),  clay-colored  sparrow 
S.  passerina  (Bechstein),  chipping  sparrow 
S.  pusilla  (Wilson),  field  sparrow 
Zonotrichia  albicollis  (Gmelin), 

white-throated  sparrow 
Z.  atricapilla  (Gmelin),  golden-crowned 

sparrow 
Z  leucophrys  (Forster),  white-crowned 

sparrow 
Z  querula  (Nuttall),  Harris'  sparrow 
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Subfamily  Icterinae  (icterines) 

Tribe  Dolichonychini  (bobolinks) 

Dolichonyx  oryzivorus  (Linnaeus),  bobolink  I 

Tribe  Agelaiini  (blackbirds,  meadowlarks,  and  cowbirds) 

Agelaius  phoeniceus  (Linnaeus), 

red-winged  blackbird 
Euphagus  carolinus  (Miiller), 

rusty  blackbird 
E.  cyanocephalus  (Wagler),  Brewer's 

blackbird 
Molothrus  ater  (Boddaert),  brown-headed 

cowbird 
Quiscalus  quiscula  (Linnaeus),  common 

grackle 
Sturnella  magna  (Linnaeus),  eastern 

meadowlark 
S.  neglecta  (Audubon),  western  meadowlark 
Xanthocephalus  xanthocephalus  (Bonaparte), 

yellow-headed  blackbird 

Tribe  Icterini  (American  orioles) 

Icterus  galbula  (Linnaeus),  northern  oriole 
/.  spurius  (Linnaeus),  orchard  oriole 

Family  Fringillidae  (finches) 

Subfamily  Fringillinae  (fringilline  finches) 

Fringilla  montifringilla  Linnaeus,  brambling 

Subfamily  Carduelinae  (cardueline  finches) 

Carduelis  flammea  (Linnaeus), 

common  redpoll 
C.  hornemanni  (Holboll),  hoary  redpoll 
C.  pinus  (Wilson),  pine  siskin 
C.  tristis  (Linnaeus),  American  goldfinch 
Carpodacus  mexicanus  (Miiller),  house  finch 
C.  purpureus  (Gmelin),  purple  finch 
Coccothraustes  vespertinus  (Cooper), 

evening  grosbeak 
Loxia  cur\>irostra  Linnaeus,  red  crossbill 
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L.  leuceoptera  Gmelin,  white-winged  crossbill  N 

Family  Passeridae  (weaver  finches) 

Passer  domesticus  (Linnaeus),  house  sparrow  I 

Pinicola  enucleator  (Linnaeus),  pine  grosbeak  N 
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Extirpated: 


Campephilus  principalis  (Linnaeus), 

ivory-billed  woodpecker  S 

Conuropsis  carolinensis  (Linnaeus), 

Carolin  parakeet  I 

Corvus  corax  (Linnaeus),  common  raven  I 
Ectopistes  migratorius  (Linnaeus), 

passenger  pigeon  I 

Grus  americana  (Linnaeus),  whooping  crane  N 

Numenius  borealis  (Forster),  eskimo  curlew  I 

Perdix  perdix  (Linnaeus),  gray  partridge  N 

Tympanuchus  cupido  (Linnaeus), 

greater  prairie-chicken  NW 

Vermivora  bachmanii  (Audubon), 

Bachman's  warbler  S 
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Abstract:  Copperhead  Cave  is  an  abandoned  mine  in  Vermillion  County,  Indiana,  serving  as  both 
a  hibernaculum  and  a  swarming  area  for  northern  bats  (Myotis  septentrionalis),  little  brown  bats 
(M.  lucifugus),  and  eastern  pipistrelles  {Pipistrellus  subflavus).  A  double-frame  harp  trap  was  used 
to  document  bat  activity  at  the  mouth  of  the  mine  on  a  weekly  basis  from  the  fall  of  1989  to  the 
spring  of  1991.  Most  of  the  trapped  bats  were  banded  and  released.  Little  brown  bats  of  both 
sexes  emerged  gradually  from  hibernation  between  14  March  and  19  May  1990  and  between  15 
March  and  1  May  1991.  In  contrast,  northern  bats  emerged  in  much  larger  numbers  between  9 
March  and  27  April  1990  and  between  21  February  and  22  April  1991.  The  mine  served  as  a 
swarming  area  from  the  end  of  July  to  the  end  of  October  for  both  species  of  Myotis  and  through 
the  first  week  of  October  for  the  pipistrelles.  The  pipistrelles  exhibited  almost  no  winter  activity 
(flight).  However,  the  little  brown  bats  and  the  northern  bats  were  active  at  the  mine  entrance 
throughout  the  winter.  Turnover  in  the  bat  populations  of  this  mine  is  quite  high,  as  indicated  by 
the  low  number  of  banded  bats  recovered:  336  of  1733  (19.4%)  individuals  of  Myotis  lucifugus; 
174  of  2090  (8.3%)  individuals  of  M.  septentrionalis;  and  100  of  546  (18.3%)  individuals  of 
Pipistrellus  subflavus. 


INTRODUCTION 

Copperhead  Cave  is  an  abandoned  clay  mine  in  a  bluff  1  km  west  of  the  Wabash 
River  and  1 .5  km  west  of  Montezuma  in  Vermillion  County,  Indiana.  The  mine  is  about 
120  km  northwest  of  the  edge  of  the  unglaciated  cave  country  of  southern  Indiana,  and  it 
represents  an  artificial  cave  in  an  area  where  no  natural  caves  exist.  We  were  informed 
that  the  mine  served  as  a  hibernaculum  for  bats,  and  initial  monitoring  indicated  that  the 
mine  was  used  in  other  seasons  as  well. 

Regular  monitoring  of  the  mine  entrance  was  initiated  to  determine: 

1.  The  species,  number,  and  sex  of  the  bats  using  the  mine; 

2.  The  seasonal  use  of  the  mine; 

3.  The  uses  to  which  the  mine  was  put; 

4.  The  dates  of  entrance  into  and  exit  from  hibernation; 

5.  The  size  of  the  bat  population;  and 

6.  Whether  or  not  a  stable  bat  population  used  the  mine  for  extended  periods 
of  time,  or  if  significant  population  turnover  occurred. 


MATERIALS  AND  METHODS 

A  double  frame  harp  trap  was  used  to  sample  bats  flying  at  the  entrance  to  the  mine. 
Monitoring  started  in  September  1989  and  was  to  be  terminated  for  the  season  on  30  Oc- 
tober, because  we  assumed  that  bat  activity  would  essentially  cease  by  that  time.  How- 
ever, to  verify  that  little  or  no  winter  activity  occurred,  the  trap  was  placed  at  the  mine 
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Table  1 .  Summary  of  information  on  the  bats  taken  in  a  trap  at  the  entrance  to  Copperhead 
Cave. 


Date 

M.t 

'ucifugus 

M.  septentrionalis 

Pipistrellus 

male 

female 

male 

female 

male 

female 

1989 

Sept 

19 

110 

14 

41 

27 

4 

3 

22 

100 

10 

3 

10 

6 

0 

26 

62 

19 

7 

10 

3 

4 

30 

67 

7 

10 

18 

2 

5 

Oct 

3 

40 

11 

1 

1 

7 

0 

10 

24 

11 

16 

21 

23 

15 

13 

21 

5 

64 

38 

3 

2 

17 

31 

5 

7 

1 

1 

0 

20 

9 

2 

4 

2 

1 

0 

24 

7 

2 

41 

12 

1 

0 

28 

8 

3 

28 

8 

0 

2 

30 

7 

4 

15 

6 

0 

0 

1990 

Jan 

16 

9 

3 

1 

2 

0 

0 

23 

3 

4 

1 

2 

0 

0 

27 

2 

0 

2 

2 

0 

0 

Feb 

3 

0 

0 

0 

1 

1 

0 

8 

7 

3 

6 

5 

1 

1 

17 

0 

0 

1 

0 

0 

0 

23 

0 

0 

0 

0 

0 

0 

Mar 

3 

1 

5 

2 

1 

0 

0 

9 

3 

1 

12 

4 

0 

1 

14 

3 

3 

61 

6 

0 

0 

17 

3 

0 

15 

1 

0 

0 

24 

0 

1 

21 

3 

1 

0 

31 

0 

5 

70 

44 

0 

0 

Apr 

4 

0 

0 

32 

32 

0 

0 

7 

1 

4 

37 

62 

0 

1 

11 

4 

5 

10 

10 

0 

0 

17 

3 

7 

9 

19 

0 

0 

27 

7 

7 

9 

0 

12 

8 

May 

6 

2 

0 

1 

0 

0 

3 

9 

4 

0 

1 

0 

2 

4 

12 

2 

2 

0 

0 

1 

1 

19 

2 

4 

0 

0 

4 

0 

26 

0 

0 

1 

3 

3 

0 
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Date 

M.  i 

hicifiigus 

M  septent 

rionalis 

Pipisti 

rellus 

male 

female 

male 

female 

male 

female 

June    2 

0 

0 

3 

0 

3 

0 

15 

2 

0 

78 

2 

1 

0 

23 

1 

0 

75 

0 

1 

0 

29 

2 

0 

35 

0 

2 

0 

30 

3 

0 

57 

0 

1 

0 

July     1 

2 

0 

32 

0 

1 

0 

2 

3 

0 

21 

0 

2 

0 

3 

6 

1 

19 

0 

3 

0 

4 

3 

0 

20 

0 

10 

0 

5 

7 

0 

17 

0 

6 

0 

6 

6 

0 

7 

0 

1 

0 

10 

1 

1 

0 

0 

7 

0 

17 

2 

0 

1 

0 

9 

0 

25 

8 

1 

5 

0 

8 

1 

31 

8 

3 

31 

11 

5 

2 

Aug    7 

9 

7 

3 

1 

0 

0 

15 

22 

23 

66 

56 

6 

3 

20 

42 

37 

35 

52 

2 

2 

25 

47 

46 

82 

89 

33 

15 

Sept    2 

44 

25 

48 

55 

4 

5 

9 

47 

12 

12 

34 

8 

4 

13 

40 

9 

18 

17 

2 

6 

21 

53 

17 

15 

28 

1 

0 

26 

36 

9 

33 

49 

4 

9 

Oct     5 

12 

6 

25 

37 

1 

3 

12 

10 

1 

12 

8 

1 

0 

19 

11 

1 

10 

1 

0 

0 

29 

2 

1 

13 

6 

0 

0 

Nov     8 

4 

I 

2 

1 

0 

0 

15 

1 

2 

4 

2 

0 

0 

20 

1 

3 

4 

8 

0 

0 

30 

1 

4 

0 

2 

0 

0 

Dec     8 

1 

0 

1 

2 

0 

0 

16 

1 

0 

2 

3 

0 

0 

21 

1 

0 

1 

4 

0 

0 

1991 

Jan      2 

1 

0 

1 

2 

0 

0 

10 

3 

0 

3 

2 

0 

0 

18 

0 

2 

0 

0 

0 

0 

25 

0 

2 

1 

0 

0 

0 
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Date 

M.i 

lucifugus 

M.  septentrionalis 

Pipistrellus 

male 

female 

male 

female 

male 

female 

Feb       2 

3 

1 

0 

2 

0 

0 

8 

1 

0 

0 

0 

0 

0 

17 

3 

1 

2 

0 

0 

0 

21 

1 

3 

0 

10 

0 

0 

28 

3 

4 

7 

13 

0 

0 

Mar      3 

165 

149 

7 

6 

84 

86 

7 

1 

1 

2 

2 

0 

0 

15 

4 

10 

7 

13 

0 

0 

22 

0 

2 

12 

5 

0 

0 

29 

15 

5 

6 

3 

0 

2 

Apr       5 

1 

1 

30 

10 

0 

0 

22 

4 

4 

11 

8 

1 

1 

May      1 

2 

2 

0 

0 

8 

8 

9 

0 

1 

0 

0 

4 

5 

entrance  on  21  November  1989,  left  in  place,  and  checked  daily  through  early  December. 
After  early  December,  the  trap  was  checked  sporadically.  Through  9  January  1990,  a  total 
of  63  bats  was  taken  in  this  untended  trap:  22  in  November,  22  in  December,  and  19  in 
January.  Included  were  32  little  brown  bats,  29  northern  bats,  and  2  pipistrelles.  Much 
more  winter  activity  occurred  than  had  been  anticipated.  Therefore,  starting  on  16  January 
1990,  the  trap  was  tended  approximately  one  night  per  week  until  9  May  1991  (Table  1). 
In  addition,  an  assessment  of  the  bats  hibernating  in  the  mine  was  made  on  23  February 
1988,  and  similar  assessments  were  made  on  14  January  1989,  27/29  December  1989,  and 
3  March  1991  (Table  2).  Nearly  all  the  bats  taken  in  the  trap  and  nearly  all  of  those  found 
in  hibernation  during  the  later  two  assessments  were  banded  (plastic  numbered  bands  from 
National  Band  and  Tag  Co,  Newport,  Kentucky).  The  bands  remained  on  the  bats  quite 
well,  but  the  numbers  often  become  difficult  to  read  within  a  year  or  two.  Four  thousand, 
three  hundred  sixty-nine  bats  were  banded,  and  610  were  recaptured  at  Copperhead  Cave. 


RESULTS 

Bats  use  this  mine  year  round  (Table  1),  although  the  amount  of  use  varies  season- 
ally. Decreased  activity  was  encountered  at  the  mine  entrance  from  November  through 
February  and  from  early  in  May  through  the  first  week  in  June.  The  majority  of  bats  en- 
countered belonged  to  three  species:  the  little  brown  bat,  Myotis  lucifugus,  the  northern 
bat,  Myotis  septentrionalis,  and  the  pipistrelle,  Pipistrellus  subflavus.  All  three  species 
swarm  there  in  the  fall,  presumably  for  mating  purposes,  and  all  three  also  hibernate  in  the 
mine.  A  few  bats  of  two  other  species  were  also  taken:  seven  Indiana  bats  {Myotis  sodalis) 
and  five  big  brown  bats  (Eptesicus  fuscus).  These  bats  will  not  be  discussed  further. 

Of  particular  interest  was  the  fact  that  northern  and  little  brown  bats  were  active  all 
winter  at  this  mine.  Increased  activity  occurred  on  warmer  nights  (Whitaker  and  Rissler, 
1992).  There  was  little  winter  activity  by  pipistrelles.   The  bats  entering  and  leaving  the 
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Table  2.  Bats  in  hibernation  in  Copperhead  Cave. 


Date 

M. 

lucifugus 

M. 

septentrionalis 

Pipistrellus 

male 

female 

male 

female 

male 

female 

Feb.  23,  1988 

111* 

201* 

Jan.  14,  1989 

106* 

113* 

Dec.  27/29,  1989 

85 

48 

0 

0 

47 

45 

March  3,  1991 

165 

149 

7 

6 

84 

86 

Bats  were  counted  without  removing  them  from  the  wall;  thus,  information  on  sex  is  not 
available. 


mine  in  midwinter  do  not  feed  even  on  warm  nights,  when  insects  are  flying  (Whitaker 
and  Rissler,  1992).  Some  of  the  winter  flights  may  reflect  movements  between  hibernacula. 
However,  some  of  the  flying  may  occur  because  the  bats  are  simply  flying  outside  rather 
than  inside  during  normal  winter  awakenings  from  hibernation  (Cockrum,  1956;  Menaker, 
1964;  Mumford,  1958).  The  total  number  of  bats  taken  in  1990  and  1991  during  the  win- 
ter trapping  sessions  included:  27  northern  bats  and  10  little  brown  bats  in  December;  15 
northern  bats  and  20  little  brown  bats  in  January;  and  47  northern  bats  and  30  little  brown 
bats  in  February.  Only  three  pipistrelles  were  taken  during  the  winter  trapping  sessions. 

Myotis  lucifugus.  Myotis  lucifugus  usually  hibernates  in  caves,  but  this  mine  pro- 
vides a  cave-like  environment  in  an  area  with  no  caves.  The  mine  served  as  a  hibernacu- 
lum  for  the  following  minimum  number  of  little  brown  bats  on  the  following  dates:  1 1 1  on 
23  February  1988;  72  on  14  January  1989;  133  on  27/29  December  1989;  and  314  on  3 
March  1991. 

No  major  peak  of  spring  emergence  activity  by  little  brown  bats  was  observed  in  ei- 
ther 1990  or  1991.  The  relatively  small  number  of  bats  present  probably  emerged  rather 
gradually  from  March  through  May.  These  data  correlate  fairly  well  with  data  on  the  buildup 
in  a  maternity  colony  of  this  species  at  Brazil,  Clay  County,  Indiana.  At  Brazil,  emer- 
gence started  gradually  in  late  March  and  was  largely  complete  by  late  April  (Ronald  Davis, 
unpublished  data). 

Copperhead  Cave  did  not  serve  as  a  major  bachelor  quarters  for  this  species  in  the 
summer,  as  there  was  relatively  little  activity  during  June  and  July  1990.  Between  two  to 
eight  bats,  including  only  three  females,  were  taken  each  night  from  1  June  to  25  July.  On 
31  July,  eight  males  and  three  females  were  taken,  followed  by  seven  females  and  nine 
males  on  7  August  1990.  Thus,  the  end  of  July  and  early  August  appear  to  mark  the  be- 
ginning of  swarming  for  this  species.  These  dates  correlate  quite  well  with  a  decrease  in 
the  summer  population  in  the  colony  at  Brazil  in  Clay  County,  where  the  number  of  bats 
present  dropped  off  drastically  beginning  in  early  August.  Swarming  tapered  off  in  Octo- 
ber, with  swarming  by  females  decreasing  sooner  than  that  by  males  (10  October  versus 
17  October  in  1990;  5  October  versus  19  October  in  1991).  Apparently,  the  bats  move 
gradually  to  their  swarming  areas  and  then  gradually  into  hibernation.  Some  of  the  bats 
hibernate  at  Copperhead  Cave,  but  most  move  elsewhere,  as  indicated  by  the  low  number 
of  banded  bats  found  in  hibernation.  Prior  to  3  March  1991,  a  total  of  1470  little  brown 
bats  had  been  banded  in  or  at  the  entrance  to  Copperhead  Cave,  whereas  on  3  March,  only 
72  banded  little  brown  bats  were  found  hibernating  there.  This  number  represents  only 
4.9%  of  the  total  number  of  bats  banded.  Several  of  the  bats  banded  at  Copperhead  Cave 
were  found  hibernating  during  the  winter  of  1990-91  about  100  km  to  the  southwest  in 
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Table  3.  The  total  number  of  bats  banded  at  Copperhead  Cave. 


Species 

Male 

Female 

Unknown 

M.  lucifugus 

1234 

491 

8 

M.  septentrionalis 

1431 

652 

7 

Pipistrellus 

325 

219 

2 

Eptesicus 

4 

1 

M.  sodalis 

4 

3 

Ray's  and  Clyfty  Caves  in  the  Lawrence  County  area. 

Myotis  septentrionalis.  Copperhead  Cave  apparently  serves  as  a  hibernaculum  for 
northern  bats,  although  not  many  individuals  were  found  in  hibernation.  Three  lines  of 
evidence  indicate  that  the  mine  is  a  hibernaculum:  the  (1)  number  of  northern  bats  that 
entered  the  cave  in  fall;  the  (2)  number  that  emerged  in  winter  and  spring;  and  the  (3)  bats 
found  hibernating  in  tiny  cracks  in  winter.  The  numerous  cracks  in  this  mine  must  serve 
as  winter  quarters  for  hundreds  of  northern  bats,  but  finding  them  was  very  difficult  in  these 
cracks.  On  relatively  warm  spring  nights,  when  northern  bats  were  emerging  from  the  mine, 
numerous  individuals  were  found  exiting  from  the  cracks  (e.g.,  twelve  were  observed  on 
15  March  1991). 

Northern  bats  emerge  from  hibernation  early  in  the  season.  Large  numbers  exited  from 
the  mine  on  nights  when  the  temperature  approached  10°  C  from  the  second  week  of  March 
through  April  each  year  (Table  1).  The  modal  exodus  time  for  males  was  approximately 
one  week  ahead  of  that  for  females. 

An  attempt  was  made  to  estimate  the  number  of  northern  bats  using  Copperhead  Cave 
in  spring.  Sampling  times  averaged  7.5  hours  or  0.625  of  the  dark  period  at  that  time  of 
year.  To  determine  if  banded  bats  might  be  reentering  the  mine  or  if  bat  activity  might 
taper  off  after  our  normal  sampling  period  ended,  bats  were  trapped  throughout  the  night 
on  two  separate  occasions.  The  results  indicated  that  bat  activity  continued  all  night  and 
that  individuals  seen  earlier  did  not  generally  return  to  the  mine  after  our  normal  sampling 
period  ended.  The  emergence  of  northern  bats  in  1990  started  about  9  March  and  lasted 
through  17  April,  a  total  of  40  nights.  Samples  were  collected  on  ten  of  these  nights.  The 
average  number  of  northern  bats  taken  per  night  was  22.7  (4.2  bats/0.625  =  22.7  bats;  SD 
=  15.9,  SE  =  5.3).  Based  on  this  number,  an  estimated  908  northern  bats  exited  the  mine 
in  spring  (22.7  bats/night  x  40  nights  =  908  bats).  This  figure  is  a  tentative,  minimal  esti- 
mate of  the  hibernating  population. 

During  May  and  into  early  June  1990,  few  northern  bats  were  active  at  Copperhead 
Cave.  Six  were  taken  in  May,  and  three  were  taken  on  2  June.  However,  from  15  June  to 
5  July,  large  numbers  of  males  but  only  two  females  were  taken  (a  total  of  354  bats  was 
taken  in  nine  sessions).  Our  first  interpretation  was  that  the  mine  was  serving  as  a  bach- 
elor colony.  This  would  have  been  our  final  interpretation,  if  we  had  sampled  only  once. 
However,  if  the  males  were  quartering  there,  we  should  have  had  many  recaptures.  Only 
10.7%  of  the  captures  were  of  banded  bats  (38  recaptures  out  of  354  total  captures).  Of 
the  recaptured  bats,  only  2.3%  (eight)  were  originally  banded  during  the  first  sampling  pe- 
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riod.  The  data  suggest  that  these  northern  bats  were  summer  migrants,  although  we  do  not 
know  where  they  would  be  going  or  why.  The  large  number  of  northern  bats  that  were 
present  in  this  three  week  period  precludes  their  being  simply  summer  wanderers.  We  are 
unaware  of  other  data  which  include  extended  observations  on  concentrations  of  males  in 
summer. 

Fall  swarming  began  at  about  the  same  time  as  it  did  for  the  little  brown  bat.  How- 
ever, the  onset  was  more  abrupt.  Thirty-one  males  and  1 1  females  were  captured  on  3 1 
July,  after  only  five  had  been  captured  six  days  previously.  Major  swarming  activity  lasted 
through  the  first  week  in  October.  After  that,  the  number  of  northern  bats  taken  per  sample 
remained  low  through  December.  It  was  not  possible  to  tell  when  fall  swarming  stopped, 
because  northern  bats  were  taken  throughout  the  winter. 

Pipistrellus  subflavus.  The  numbers  of  pipistrelles  counted  while  hibernating  in  the 
mine  were:  201  on  23  February  1988;  113  on  14  January  1989;  99  on  27/29  December 
1989;  and  176  on  3  March  1991.  Pipistrelles  apparently  move  about  very  little  in  their 
hibernaculum  during  winter.  The  water  droplets  that  accumulate  on  them  at  that  time  in- 
dicate long-term  hibernation  in  contrast  to  the  frequent  awakenings  characteristic  of  Myotis. 
Most  pipistrelles  had  left  hibernation  by  the  end  of  April  in  1990:  none  were  taken  on  17 
April;  20  were  taken  on  27  April;  and  only  3  were  taken  on  6  May.  However,  a  few 
pipistrelle  females  were  still  leaving  the  mine  through  the  first  two  weeks  in  May.  In  1991, 
they  left  later:  16  were  taken  on  1  May,  and  9  were  taken  on  9  May.  This  agrees  with  our 
unpublished  data  indicating  the  formation  of  pipistrelle  maternity  colonies  beginning  in  late 
April  and  extending  through  much  of  May. 

Small  numbers  of  male  pipistrelles  were  taken  from  4  July  through  3 1  July.  The  mine 
may  have  served  as  a  migratory  stopover  for  these  bats.  Alternatively,  these  males  may 
have  represented  early  swarming  individuals,  although  females  were  not  included  in  swarm- 
ing until  the  end  of  July.  The  largest  number  of  swarming  individuals  was  encountered  on 
25  August  (33  males  and  15  females).  Swarming  activity  occurred  throughout  all  of  Au- 
gust and  September  and  into  the  first  week  of  October.  At  that  time,  the  bats  either  moved 
elsewhere  or  entered  the  cave  to  hibernate.  After  12  October  1990,  no  pipistrelles  entered 
the  trap  until  29  March  1991.  In  1989-90,  however,  five  pipistrelles  were  taken  on  13  Oc- 
tober, five  more  were  taken  later  in  October,  and  13  were  taken  between  November  and 
April. 

CONCLUSION 

Copperhead  Cave  serves  as  a  swarming  area  and  hibernaculum  for  little  brown  bats, 
northern  bats,  and  pipistrelles.  In  addition,  the  mine  may  serve  as  a  midsummer  stopover 
for  migrating  northern  bats  and  pipistrelles. 
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INDIANA  ACADEMY  OF  SCffiNCE 

EXECUTD7E  COMMITTEE  MINUTES 

NOVEMBER  7, 1991 

President  Pettinga  called  the  meeting  to  order  at  approximately  1:00  p.m.  in  room  203  of 
the  Library  at  the  University  of  Evans ville  on  November  7,  1991. 

Approval  of  Minutes 

The  minutes  of  the  previous  meeting  were  approved  after  substitution  of  "Evansville"  un- 
der point  4  in  "New  Business." 

Old  Business 

1.  Copyright  of  the  Academy  Name  and  Logo.  A  patent  attorney  (Arthur  Wale) 
of  Baker  and  Daniels  in  Indianapolis  has  been  retained  to  work  on  this  issue. 

2.  Report  of  the  Committee  on  Amendments  (Campaigne).  Ernie  clarified  a  ty- 
pographical error  in  the  Amendment  of  Bylaw  Article  VI. 

3.  Report  of  Local  Arrangements  (Mueller).  Wayne  stated  that  everything  was  in 
order  and  that  he  was  preparing  a  map  to  his  home  for  attendance  at  a  social  func- 
tion after  the  Thursday  evening  dinner  hosted  by  the  President  of  the  University. 

Preregistration  for  the  Senior  Academy  meetings  was  164;  for  the  Junior  Acad- 
emy, 151. 

4.  Report  of  the  Program  and  Invitations  Committee  (Lyng).  Doug  reported  that 
the  Spring  Meeting  had  been  tentatively  scheduled  for  April  17-18,  1992,  at  Ball 
State  University.  The  Fall  Meeting  is  tentatively  scheduled  for  November  5-6. 
The  planning  is  going  well,  and  work  that  remains  to  be  done  deals  with  solving 
the  parking  problem,  particularly  for  the  Fall  Meeting.  Use  of  a  University  shuttle 
bus  is  being  considered. 

Purdue  University  (West  Lafayette)  will  serve  as  the  host  institution  for  1993.  I.U. 
South  Bend  is  a  possible  in-state  meeting  site  for  1994. 

5.  Resolution  of  the  Meeting  Plans  for  1994  (Kritsky).  Gene  discussed  the  cur- 
rent status  of  plans  for  a  tri-State  (Indiana,  Ohio,  Kentucky)  meeting  in  Ohio  for 
1994.  Reference  was  made  to  a  suggestion  by  an  Ohio  colleague  to  move  the 
joint  meeting  to  the  spring  of  that  year. 

Lengthy  discussion  occurred  relative  to  the  advisability  of  IAS  support  for  this 
meeting.  Concerns  raised  dealt  with  attendance,  cost  to  IAS  members,  and  how 
Junior  Academy  members  would  participate.  There  was  a  general  consensus  that 
the  meeting  may  not  be  worthwhile  (from  a  cost-benefit  viewpoint)  unless  plans 
were  made  to  bring  in  special  speakers,  to  organize  symposia,  etc.  that  would  be 
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over-and-above  what  is  ordinarily  done  at  a  Fall  meeting. 

In  conclusion,  Gene  was  requested  to  proceed  very  cautiously  with  plans  as  there 
is  not  currently  overwhelming  support  for  this  joint  meeting.  Gene  was  formally 
thanked  for  his  efforts  heretofore  by  the  President. 

6.  Status  of  the  Executive  Office  (Pettinga).  As  discussed  in  previous  meetings, 
Don  Winslow  will  be  resigning  from  office  at  the  end  of  1991  in  order  to  be  able 
to  fully  retire  in  the  State  of  Maine.  (Good  luck,  Don,  you  will  be  missed!)  Neil 
is  actively  searching  for  a  replacement  for  Don  and  hopes  to  make  an  announce- 
ment by  the  end  of  the  Fall  meeting. 

New  Business 

1 .  Support  for  Regional  Science  Fairs.  A  request  from  the  South-Central  Indiana 
Regional  Science  and  Engineering  Fair  for  $200.00  was  made  by  Lisa  Townsend 
(High  School  Science  Liaison  Person). 

There  was  some  discussion  as  to  whether  or  not  the  previous  decision  to  not  fund 
the  Regional  Science  Fairs  was  made  at  a  Budget  Committee  meeting  or  at  a  Coun- 
cil meeting.  This  issue  was  not  resolved.  One  suggestion  was  that  we  support 
all  of  the  Regional  Science  Fairs  or  none. 

A  motion  was  made  and  seconded  to  not  honor  the  specific  request  for  $200.00 
in  support  of  the  above-mentioned  Regional  Science  Fair.  Motion  approved. 

The  larger  issue  as  to  whether  or  not  to  support  Science  Fairs  in  the  future  was 
tabled  at  this  time. 

2.  Crime  Bond  Policy  (Winslow).  Renewal  of  our  annual  bond  is  due  by  Novem- 
ber 18.  We  will  need  $80,000  in  coverage. 

A  motion  was  made  and  seconded  to  pay  the  bill  which  will  run  approximately 
$188.00.  Motion  approved. 

3.  Report  of  the  Nominations  Committee  (Melhorn).  Wilton  announced  the  re- 
sults of  the  recent  elections.  A  total  of  390  valid  ballots  were  returned.  The  new 
officers  are: 

President  Elect  Duvall  Jones 

Secretary  (3  yr.  term)  Jim  Haddock 

Research  Grants  David  Hicks 

Public  Relations  Gene  Kritsky 

Academy  Foundation  Max  Marsh 

4.  Treasurer's  Report  (Frazier).  Ed  reviewed  a  several  page  report  that  was  cur- 
rent as  of  10/31/91.  An  overall  summary  follows: 


Vol.  101  (1992) 

Indiana  Academy 

of  Science 

Beginning 

Revenues 

Expenses 

Balance 

Balance 

YTD 

YTD 

on  Hand 

1/1/91 

10/31/91 

$52,378.45 

$94,556.58 

$58,796.16 

$88,148.87 

137 


A  motion  was  made  and  seconded  to  move  $2,000.00  from  the  High  School 
Teacher  Grants  (category  05-200)  to  High  School  Student  Grants  (category  05- 
300).  Motion  approved. 

A  motion  was  made  and  seconded  to  accept  the  Treasurer's  Report.  Motion  ac- 
cepted. 

5.  Report  of  the  Resolutions  Committee  (Haddock  for  Davies).  (The  following  is 
a  summary  of  the  resolution.) 

Resolved:  That  the  Academy  members  express  their  sincere  appreciation  to  Dr. 
James  S.  Vinson,  President  of  the  University  of  Evans ville,  to  Dr. 
Wayne  P.  Mueller,  Chair  of  the  Local  Planning  Committee,  and  to 
all  those  members  of  the  Academy  who  participated  in  the  planning, 
supervision,  and  execution  of  arrangements  for  the  meeting. 

6.  Report  of  Director  of  Public  Relations  (Kritsky).  Gene  reported  that  hence- 
forth the  Newsletter  will  be  delivered  first  class  and  will  be  produced  using  re- 
cycled paper.  Publication  dates  were  pushed  back  somewhat  in  1991.  The  "call 
for  papers"  this  year  was  in  the  early  summer  issue.  Volume  4  for  1991  will  in- 
clude pictures  taken  at  the  Fall  meeting. 

Two  questions  were  raised:  editorial  policy/disclaimers  (we  have)  and  should  min- 
utes of  the  Fall  General  Meeting  be  published  along  with  the  Necrology  in  the 
Newsletter  or  in  the  Proceedings  (as  has  been  done  historically)? 

7.  Editor's  Report  (Dolph).  Volume  100  (1-2)  is  in  Press.  White  Arts  Publishing 
Co.  is  the  new  State  printer.  Turn-around  time  for  proofs  is  9  weeks.  Volume 
100  (3-4)  is  on  disk  and  ready  to  go  to  the  printer.  Volume  101  (1-2)  "mock 
ups"  have  been  completed. 

Additional  items:  Gary  said  that  he  is  trying  to  create  a  meaningful  balance  in  the 
number  of  publications  from  each  Section  represented  per  issue.  Currently  there 
is  very  little  backlog  in  articles.  Articles  are  accepted  at  any  time  during  the  year 
(the  old  December  1  deadline  is  no  longer  used).  There  will  be  consideration 
given  to  publication  of  the  Exotic  Species  Symposium. 

8.  Summary  of  Exotic  Species  Conference  (McKnight).  Bill  stated  that  there  were 
280  attendees  from  34  states  and  2  foreign  countries  and  that  as  of  November  7 
he  had  received  45  unsolicited  letters  of  commendation.  It  was  noted  that  several 
articles  dealing  with  papers  presented  at  the  conference  were  published  in  vari- 
ous newspapers  throughout  Indiana  and  the  Midwest.  In  short,  the  Symposium 
was  a  rip-roaring  success!  Thanks  to  Bill  and  others  for  their  great  efforts! 
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9.  Membership  Report  (Jones).  As  of  6  November,  there  were  1,109  memberships 
for  1991,  which  include: 

149  Associate  Members 

26  Club  Memberships 

3  Corporate  Members 

104  Emeritus  Members 

3  Honorary  Members 

1  Institutional  Member 

6  Life  Members 

68 1  Members 

92  Student  Members 

44  Sustaining  Members 

230    members  from  1990  have  not  paid  1991  dues 

14    persons  resigned  in  1991 
110    new  members  joined  the  Academy  this  year  and  35  were 

reinstated 
166    new  members  and  36  reinstated  members  joined  in  1990 
191     persons  and  clubs  were  dropped  for  nonpayment  of  1990  dues 

Some  concerns  expressed  included  a  need  for  more  corporate  support  and  the  sug- 
gestion that  dues  be  assigned  on  an  academic  year  basis  rather  than  that  of  a  cal- 
endar year.  Students,  for  example,  who  join  in  the  fall  pay  $7.00  for  only  2  months 
membership  before  a  renewal  is  due. 

10.  Executive  Officer's  Report  (Winslow).  Don  summarized  the  following  activi- 
ties for  1991: 

A.  Revision  of  Academy  brochures 

1.  1991  Yearbook  (McBurney) 

2.  Membership  brochure  (Jones) 

3.  Research  Grants  (Peters  and  McBurney) 

B.  Policy  procedures  for  finances 

1 .  Biological  survey 

2.  Editor  of  the  Proceedings 

3.  Fellows 

4.  Publications 

5.  Research 

C.  Letters  of  Agreement 

1 .  Editor  of  the  Proceedings 

2.  Executive  Officer 
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D.  Committee  on  Relation  of  the  Academy  to  the  State 

Composition  of  membership: 

Chair  of  Academy  Foundation 
President  of  the  Academy 
Librarian 
Executive  Officer 

Don  stated  that  this  committee  has  been  active  but  not  with  satisfactory  re- 
sults. Perhaps  the  Academy  should  "rethink"  the  role  of  this  committee  and 
the  composition  of  its  membership. 

E.  Orchids  of  Indiana  Memorandum  of  Agreement.  The  Budget  Committee  has 
already  appropriated  $10,000.00  towards  the  publication  of  this  monograph 
by  IU  Press.  Don  is  concerned  about  the  open-ended  contract  and  the  fact 
that  historically  we  have  not  paid  royalties  to  an  author  who  was  also  an  Acad- 
emy member.  Don  has  requested  that  the  Memorandum  be  thoroughly  re- 
viewed by  the  Publications  Committee  and  that  they  report  back  to  the  Ex- 
ecutive Committee  in  the  near  future. 

Adjournment 

A  motion  was  made  and  seconded  to  adjourn  at  approximately  4: 15  p.m.  Motion  approved. 

Respectfully  submitted, 

Jim  Haddock 
Secretary 

INDIANA  ACADEMY  OF  SCIENCE 
COUNCIL  MINUTES 
NOVEMBER  7, 1991 

President  Pettinga  called  the  Council  meeting  to  order  at  approximately  5:00  p.m.  in  room 
203  of  the  Library  at  the  University  of  Evans ville  on  November  7,  1991. 

Approval  of  Minutes 

The  Council  minutes  for  the  Spring  Meeting  held  at  the  University  of  Evansville  on  April 
19,  1991  were  approved. 

New  Business 

1.  Report  of  the  Amendments  Committee  (Campaigne).  The  following  proposed 
Amendments  to  the  Bylaws  and  Constitution  of  the  Indiana  Academy  of  Science 
were  presented  (for  details  please  see  IAS  Newsletter  #69,  September,  1991): 
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A.  Bylaw  Article  XII.  Section  3.  (Technical  and  non-substantive  editorial 
changes  in  Constitution  and  Bylaws  by  Executive  Committee  upon  the  ad- 
vice of  the  Parliamentarian). 

The  complete  amendment  was  read,  and  a  motion  was  made  and  seconded 
for  acceptance.  Motion  approved. 

B.  Bylaw  Article  VI.  Section  3.  (11)  (Make-up  of  the  Program  and  Invitations 
Committee  is  8  members). 

The  complete  amendment  was  read,  and  a  motion  was  made  and  seconded 
for  acceptance.  Motion  approved. 

C.  Bylaw  Article  VI.  Section  3.  (15)  (Procedures  to  be  followed  by  the  Nomi- 
nations and  Elections  Committee). 

The  complete  amendment  was  read,  and  a  motion  was  made  and  seconded 
for  acceptance.  Motion  approved. 

D.  Bylaw  Article  VI.  Section  3  (17).  (Duties  and  functions  of  local  Arrange- 
ments Committee). 

The  complete  amendment  was  read,  and  a  motion  was  made  and  seconded 
for  acceptance.  Motion  approved. 

2.  Report  of  the  Emeritus  Member  Committee  (Hopp).  The  following  Academy 
members  were  recommended  for  election  to  Emeritus  Status: 

Gay  ton  C.  Marks,  Valparaiso  University 
Robert  D.  Miles,  Purdue  University 
Victor  E.  Nixon,  affiliation  unknown 
Harold  L.  Zimmack,  Ball  State  University 

A  motion  was  made  and  seconded  to  approve  the  recommendation.  Motion  ap- 
proved. 

3.  Fellows  Committee  Report  (Gommel).  The  following  Academy  members  were 
recommended  for  election  to  the  honorary  rank  of  IAS  Fellow: 

James  W.  Berry,  Butler  University 
Charles  W.  Lovell,  Purdue  University 
Douglas  W.  Duff,  Indiana  University  South  Bend 
Charles  Edwin  Mays,  DePauw  University 
Edwin  Richard  Squiers,  Taylor  University 
Carolyn  N.  Vann,  Ball  State  University 

4.  Treasurer's  Report  (Frazier).  Ed  reviewed  a  several  page  report  that  was  current 

as  of  10/31/91.  An  overall  summary  follows: 
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5.  Academy  Foundation  (Guthrie).  The  Indiana  Academy  of  Science  Trust  Fund 
is  managed  by  Indiana  National  Bank.  Investments  are  currently  in  short  term 
US  Government  Treasury  Bills  and  a  variety  of  stocks. 

Below  is  a  summary  of  the  1991  income  and  total  value  of  each  of  the  3  Funds  as 
of  October  21,  1991: 

Value  Income 

Academy  Foundation  $72,348  $4,337 

J.S.  Wright  Fund  $1,995,214  $81,410 

Investment  Income  Account  $187,529  $12,906 


Totals  $2,225,091  $98,653 

Total  income  has  increased  about  6.4%  from  roughly  the  same  period  1  year  ago. 

It  was  recommended  that  a  balance  of  at  least  $100,000  be  maintained  in  the  In- 
vestment Income  Account  to  allow  for  emergencies,  cash  flow,  etc.  A  review  of 
current  obligations  and  future  commitments  for  any  authorized  proposals  (i.e.,  re- 
search, publication  costs,  etc.)  will  be  important  in  assessing  available  funding 
for  new  projects.  A  review  of  costs  and  publication  projections  of  the  Proceed- 
ings is  essential,  and  increases  in  membership,  state  funding,  etc.  need  attention. 

6.  Executive  Officer's  Report  (Winslow). 

A.  Bonding.  Renewal  of  our  Crime  Bond  Policy  is  due  November  18  and  would 
cover  a  3-year  period.  Cost  would  run  $188.00. 

B.  Miscellaneous  Activities: 

1991  Yearbook  (McBurney) 
Membership  brochure  (Jones) 
Research  Grants  (Peters  and  McBurney) 

a.  Grants  from  IAS  are  to  the  faculty  member's  institution. 

b.  It  will  be  the  institution's  responsibility  to  monitor  the  use  of  human  sub- 
jects and  animals  for  research. 

7.  Report  of  the  Resolution  Committee  (Haddock  for  Davies). 

WHEREAS:      The  members  of  the  Indiana  Academy  of  Science  are  grateful  to 
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the  University  of  Evansville  for  the  invitation  to  hold  the  1991  Fall 
Meeting  of  the  Indiana  Academy  of  Science  on  the  University  of 
Evansville  campus;  and 

WHEREAS:  The  University  of  Evansville  administration,  faculty,  staff,  and  stu- 
dents have  cooperated  admirably  in  providing  facilities,  assistance, 
and  support  for  the  1991  Fall  Meeting;  be  it 

RESOLVED:  That  the  Academy  members  here  assembled  express  their  sincere 
appreciation  to  Dr.  James  S.  Vinson,  President  of  the  University 
of  Evansville,  and  to  all  those  University  of  Evansville  personnel 
who  have  been  associated  with  the  meeting  for  all  the  courtesies 
extended  to  the  Academy  during  this  1991  Fall  Meeting  of  the  In- 
diana Academy  of  Science.  We  are  especially  grateful  to  Dr. 
Wayne  P.  Mueller,  Chairman  of  the  Local  Planning  Committee, 
and  to  all  those  members  of  the  Academy  who  participated  in  the 
planning,  supervision,  and  execution  of  arrangements  for  the  meet- 
ing. 

8.  Resolution  of  the  Meeting  Plans  for  1994  (Kritsky).  Gene  discussed  the  cur- 
rent status  of  plans  for  a  tri-State  (Indiana,  Ohio,  Kentucky)  meeting  in  Ohio  for 
1994.  Reference  was  made  to  a  suggestion  by  an  Ohio  colleague  to  move  the 
joint  meeting  to  the  spring  of  the  year. 

Lengthy  discussion  occurred  relative  to  the  advisability  of  IAS  continued  support 
for  this  meeting.  Concerns  raised  dealt  with  attendance,  cost  to  IAS  members, 
and  how  Junior  Academy  members  would  participate.  There  was  a  general  con- 
sensus that  the  meeting  may  not  be  worthwhile  (from  a  cost-benefit  viewpoint) 
unless  plans  were  made  to  bring  in  special  speakers,  to  organize  symposia,  etc. 
that  would  be  over-and-above  what  is  ordinarily  done  at  a  Fall  Meeting. 

In  conclusion,  Gene  was  requested  to  proceed  very  cautiously  with  plans  as  there 
is  not  currently  overwhelming  support  for  this  joint  meeting.  Gene  was  formally 
thanked  for  his  efforts  heretofore  by  the  President. 

Additional  discussion:  Bill  Eberly  suggested  that  rotating  symposia  (such  as  the 
Exotic  Species  Symposium)  among  the  three  States  might  be  desirable  instead  of 
having  the  "traditional"  paper  presentation  meeting  format. 

9.  Summary  of  the  Exotic  Species  Symposium  (McKnight).  Bill  stated  that  there 
were  280  attendees  from  34  states  and  2  foreign  countries  and  that  as  of  Novem- 
ber 7,  he  had  received  45  unsolicited  letters  of  commendation.  It  was  noted  that 
several  articles  dealing  with  papers  presented  at  the  conference  were  published  in 
various  newspapers  throughout  Indiana  and  the  Midwest.  In  short,  the  sympo- 
sium was  a  rip-roaring  success!  Thanks  to  Bill  and  others  for  their  great  efforts! 
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Adjournment 

It  was  moved  that  the  Council  adjourn  at  approximately  6:00  p.m.  Motion  approved. 
Respectfully  submitted, 

Jim  Haddock 
Secretary 

INDIANA  ACADEMY  OF  SCIENCE 

BUDGET  COMMITTEE  MINUTES 

DECEMBER  7, 1991 

The  meeting  was  called  to  order  by  President  Lovell  at  9:05  a.m.  in  the  Hoosier  Room  of 
the  Student  Union  at  IUPUI. 

Introduction 

The  following  Academy  members  were  in  attendance  and  introduced  themselves.  Those 
members  with  an  asterisk  behind  their  name  were  welcome  participants  but  were  non- vot- 
ing as  per  the  Constitution  (some  with  asterisks  became  eligible  on  January  1,  1992). 

Bill  Gommel*,  Ed  Frazier,  Don  Winslow,  Gary  Dolph,  Wilton  Melhorn*,  Frank  Guthrie, 
Wendell  McBurney*,  Wayne  Mueller,  Doug  Lyng*,  Duvall  Jones*,  Pam  Middleton,  Holly 
Oster,  Jim  Haddock,  Gene  Kritsky,  and  Bill  Lovell. 

Minutes 

There  were  no  currently  available  minutes  of  the  December  1990  Budget  Meeting. 

Approval  of  Agenda 

It  was  moved  and  seconded  that  the  agenda  for  this  meeting  be  approved.  Motion  approved. 

Miscellaneous 

Bill  Gommel  has  been  appointed  Parliamentarian. 

President  Lovell  reviewed  the  charge  of  the  Budget  Committee  and  its  composition  of  mem- 
bers. 

Don  Winslow  commented  on  our  task:  to  par  down  the  1992  Budget  to  an  acceptable  level. 

Report  from  the  Academy  Foundation  Committee  (Guthrie) 

Spendable  income  for  1992  will  be  approximately  $81,000.00  (approximately  $81,410  from 
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the  Wright  Fund  plus  $12,900  from  the  Invested  Income  Fund  minus  $13,000  in  invest- 
ment expenses). 
Report  from  the  Treasurer  on  Budget  Recommendations  (Frazier) 

Ed  presented  the  proposed  preliminary  1992  budget  intended  for  modification  through  ad- 
ditions (increases)  and/or  deletions  (reductions). 

It  was  moved  and  seconded  to  adopt  the  proposed  preliminary  budget  for  1992.   Motion 
approved. 

The  following  amendments  to  the  preliminary  budget  were  proposed: 

A.  Deletion  of  $4,100.00  for  mailing  expenses  (page  3,  Dedicated  Funds),  because 
$3,760.00  is  also  listed  under  Library  Operations  Expenses  (page  2)  for  the  same 
purpose.  Motion  made  and  seconded.  Motion  approved. 

B.  Addition  of  AAAS  contributions  of  $1,500.00  under  Research  Grants  (page  3) 
giving  a  total  revenue  of  $41,500.00.  Motion  made  and  seconded.  Motion  ap- 
proved. 

C.  Funds  for  High  School  Student  Research  Grants  should  be  taken  from  Founda- 
tion Funds  and  not  from  dues  regardless  of  the  amount.  Motion  made  and  sec- 
onded. Motion  approved. 

D.  Remove  High  School  Student  Research  Grants  funds  (under  Youth  Activities)  of 
$1,500.00  from  Operating  Fund  Expenses  (page  2)  and  insert  the  $1,500.00  un- 
der Research  Grants  (Dedicated  Fund  Revenues  on  page  3).  Motion  made  and 
seconded.  Motion  approved. 

E.  Reduce  funding  for  Senior  Research  Grants  from  $40,000.00  to  $37,000.00  (un- 
der Dedicated  Fund  Expenses).  Motion  made  and  accepted.  Motion  approved. 

F.  Reduce  the  Dedicated  Fund  Revenues  under  Research  Grants  (transfer  from  Foun- 
dation) from  $40,000.00  to  $38,500.00.  Motion  made  and  approved.  [Secretary's 
note:  Total  Dedicated  Fund  Revenues  now  automatically  becomes  reduced  from 
$41,500.00  (see  Amendment  B  above)  to  $40,000.00.] 

G.  Use  $12,000.00  from  the  Reserve  Account  for  publication  of  Volume  98  of  the 
Proceedings.  From  1992  anticipated  income  (Wright  Fund)  use  $38,000.00  for 
the  publication  of  2  issues  of  Volume  100  and  2  issues  of  Volume  101  of  the 
Proceedings.  Total  expenditures  would  thus  be  $52,000.00.  [Secretary's  note: 
This  includes  a  $2,000.00  expenditure  for  the  Editor.]  Motion  made  and  seconded. 
Motion  approved. 

H.  Reduce  (under  Dedicated  Funds)  funds  for  publication  of  Orchids  of  Indiana  from 
$30,000.00  to  $25,000.00.  Motion  made  and  seconded.  Motion  approved. 

I.      Reduce  AAAS  representative's  budget  from  $650.00  to  $450.00  (due  to  close  prox- 
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imity  of  Chicago  as  1992  meeting  site)  and  increase  Newsletter  postage  from 
$950.00  to  $1 150.00.  Motion  made  and  seconded.  Motion  approved. 
J.      Make  allowance  of  up  to  $15,000.00  of  the  1992  budget  already  earmarked  for 
publication  of  Orchids  of  Indiana  for  publication  of  the  Exotic  Species  Sympo- 
sium. Motion  made  and  seconded.  Motion  approved. 

K.  Reduce  budget  for  Youth  Activities  (Junior  Academy  of  Sciences)  from  $4,500.00 
to  $3,500.00.    Motion  made  and  seconded.  Motion  approved. 

L.  Increase  Membership  Expenses  (under  Operating  Fund)  from  $1,000.00  to 
$1,500.00.  Motion  made  and  seconded.  Motion  approved. 

M.  Establish  a  Registration  Fee  of  $5.00  for  members  attending  the  IAS  Spring  Meet- 
ing at  Ball  State  University,  assess  a  $5.00  on-site  (late)  Registration  Fee  for  mem- 
bers of  the  Senior  Academy  attending  the  Fall  Meeting,  and  accept  the  report  of 
the  Program  and  Invitations  Committee  relative  to  fees  and  expenses  for  both  the 
Spring  and  Fall  Meetings  for  1992.  Motion  made  and  seconded.  Motion  approved. 

N.  A  final  motion  to  accept  the  modified  budget  was  made  and  seconded.  Motion 
approved. 

Adjournment 

A  motion  was  made  and  seconded  at  approximately  1 1 :50  a.m.  Motion  approved. 
Respectively  submitted, 

Jim  Haddock 
Secretary 

INDIANA  ACADEMY  OF  SCIENCE 

EXECUTIVE  COMMITTEE  MINUTES 

FEBRUARY  1, 1992 

President  Lovell  called  the  meeting  to  order  at  9:35  a.m.  in  the  Roof  Lounge  of  the  Union 
Building  on  the  IUPUI  Campus. 

The  following  members  of  the  Executive  Committee  were  in  attendance  (guests  are  indi- 
cated by  an  *):  Ed  Frazier,  Wilton  Melhorn,  Jim  Haddock,  Charlotte  Boener*,  Holly  Oster*, 
Bill  Gommel*,  Gary  Dolph,  Duvall  Jones,  Bill  McKnight*,  and  Bill  Lovell. 

1 .     Approval  of  Minutes 

The  Minutes  of  the  Executive  Committee  and  Council  Meetings  of  November  7, 
1991  and  the  Budget  Meeting  of  December  7,  1991  were  approved  after  correct- 
ing typographical  errors. 
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2.  Approval  of  Agenda 

The  proposed  Agenda  was  approved  subject  to  the  following  addition. 

A  concern  was  expressed  that  a  long-standing  policy  of  having  the  Academy  query 
the  Governor  and  the  State  Superintendent  of  Public  Instruction  as  to  their  posi- 
tions on  education/science  education  should  continue. 

President  Lovell  requested  that  the  chairs  of  the  Science  and  Society,  Relation  of 
the  Academy  to  the  State,  and  the  Science  Education  Advisory  Committees  form 
an  ad  hoc  committee  to  study  this  issue  and  report  back  to  the  Executive  Com- 
mittee this  year. 

Their  charges  are  to  determine  if  this  procedure  should  be  continued,  how  it  should 
be  done  and  who  in  the  Academy  should  have  this  responsibility. 

3.  Report  of  Executive  Officer  (Melhorn) 

An  Academy  Office  is  being  established  near  the  campus  of  Purdue  University. 
Until  further  notice,  contact  the  E.O.  through  his  campus  phone  number:  (317) 
494-0286. 

The  1992  yearbook  is  being  organized.  Sallye  Hunter,  Wendell  McBurney's  sec- 
retary, has  graciously  volunteered  to  assist  in  preparation  again  (3  years  running). 
It  was  suggested  that  both  she  and  Wendell  be  formally  thanked  (and  to  also  thank 
the  latter  for  use  of  meeting  space). 

A  formal  Letter  of  Agreement  will  be  drawn  up  between  the  E.O.  and  the  Acad- 
emy in  the  weeks  ahead.  In  the  meantime,  Wilton  will  be  preparing  a  job  de- 
scription for  review. 

4.  Constitutional  Issues  (Lovell) 

A.    Executive  Officer. 

Considerable  discussion  occurred  relative  to  the  importance  of  formalizing 
the  position  of  the  Executive  Officer  in  the  Academy's  Constitution. 

President  Lovell  has  requested  that  the  necessary  amendments  be  prepared 
in  sufficient  time  for  these  to  be  brought  before  the  general  membership  for 
their  consideration  at  the  Fall  1992  Meeting  at  Ball  State. 

A  motion  was  made  and  seconded  to  continue  the  experimental,  interim  ar- 
rangement of  utilizing  an  Executive  Officer  until  the  position  can  be  formal- 
ized next  fall.  Motion  approved. 

A  motion  was  made  and  seconded  to  charge  the  Amendments  Committee 
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with  the  task  of  preparing  the  necessary  amendments/bylaws  relative  to  the 
incorporation  of  the  office  of  Executive  Officer  into  the  Academy.  The  com- 
mittee was  also  requested  to  provide  additional  supportive  material  on  the 
duties,  etc.  of  the  position.  Motion  approved.  (Campaigne,  Frazier,  and 
Gommel  constitute  the  Amendments  Committee  for  1992). 

B.    Membership  Secretary. 

This  position  was  started  in  1991  on  an  experimental  basis.  Extensive  dis- 
cussion ensued  relative  to  whether  the  position  should  remain  intact  or  be 
part  of  the  job  description  of  the  Executive  Officer. 

A  motion  was  made  and  seconded  to  extend  the  present  position  of  Mem- 
bership Secretary  until  the  end  of  1992.  Motion  approved. 

An  additional  motion  was  made  and  seconded  to  have  the  Amendments  Com- 
mittee evaluate,  as  an  option,  the  possibility  of  including  the  responsibilities 
of  the  Membership  Secretary  in  the  job  description  of  the  Executive  Officer. 
Motion  approved. 

(Note:  The  inference  is  that  the  Amendments  Committee  is  free  to  recom- 
mend any  alternative  that  they  may  deem  desirable.  The  group  appeared  to 
be  evenly  split  on  the  issue). 

5.  Local  Arrangements  (Lovell) 

The  Spring  Meeting  will  be  held  at  Ball  State  University  on  April  24-25  with  the 
Fall  Meeting  to  be  held  on  November  5-6. 

The  Committee  received  a  "mock  up"  of  the  Spring  Meeting  Program  and  every- 
thing appeared  to  be  in  order. 

6.  Relation  of  the  Academy  to  the  State  (Lovell) 

Historically,  this  committee  has  not  been  particularly  productive  because  of  limi- 
tations on  State  employees  who  may,  coincidentally,  be  committee  members. 
President  Lovell  asked  Dolph,  Oster,  Melhorn,  and  Guthrie  to  form  the  new  com- 
mittee, with  Dolph  serving  as  Chair  due  to  his  responsibilities  as  Editor. 

7.  Publication  Issues  (Dolph) 

Gary  reported  that  Vol.  100  (1-2)  is  now  out  and  will  be  distributed  as  soon  as 
mailing  labels  are  available.  There  will  be  no  charge  to  the  Academy  for  this 
issue.  Vol.  100  (3-4)  will  have  15  articles  and  is  now  in  press.  It  will  also  in- 
clude the  minutes  of  the  most  recent  Executive  and  Council  Meetings,  a  financial 
statement  provided  by  the  Treasurer,  and  a  list  of  all  reviewers.  Vol.  101  (1-2) 
now  has  5  articles  that  are  finished  with  an  additional  3  to  4  in  review.  Approxi- 
mately 20  articles  are  out  being  revised. 
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Gary's  goals  are  to  standardize  the  literature  citations  and  format  of  each  article 
including  illustrations  and  to  hold  down  the  cost  as  much  as  possible.  Gary  has  a 
$36,000  budget  but  is  hopeful  of  keeping  his  expenses  down  to  $24,000  this  year. 

Vol.  98  is  still  in  limbo!  Galleys  are  not  yet  available.  Gary  will  expedite  the 
publication  of  this  volume  but  won't  have  time  to  check  articles  as  closely  as  he 
is  with  the  current  Proceedings.  Gary  agreed  to  call  Don  Winslow  to  find  out 
what  is  currently  going  on.  Wilton  agreed  to  chip  in  and  help  in  getting  this  done. 

8.  Memorandum  of  Agreement  on  Orchids  of  Indiana  (McKnight) 

Bill  stated  that  the  Publications  Committee  wants  to  try  to  improve  its  fiscal  re- 
sponsibility to  the  Academy  and  would  like  to  see  the  Orchids  publication  at  least 
break  even  and  preferably  make  a  profit.  Profits  could  be  used  to  benefit  the  Acad- 
emy in  any  of  several  ways. 

A  motion  was  made  and  seconded  to  accept  the  recommendation  of  the  Publica- 
tions Committee  and  to  print  5000  copies  at  $30.00  per  copy  using  Option  B  (larger 
trim  size)  and  to  authorize  the  Treasurer  to  sign  the  Memorandum  of  Agreement 
on  behalf  of  the  Academy.  Motion  approved. 

9.  1992  Yearbook 

The  yearbook  is  being  worked  on  and  will  be  out  as  soon  as  possible. 

10.  Committee  Reports 

Comments  relative  to  the  Youth  Activities  Committee  (Dolph).  Gary  Dolph 
responded  to  questions  raised  in  previous  Minutes  (Executive  Committee,  Novem- 
ber 7,  1991)  about  support  for  the  Science  Olympiad  and  Science  Fairs.  Support 
for  both  comes  under  the  Y.A.C.  Support  for  the  Science  Olympiad,  was  dropped 
in  the  past  year,  because  the  Academy  no  longer  received  public  acknowledg- 
ment for  supporting  it.  This  year  the  Y.A.C.  approved  $500.00  for  the  Science 
Olympiad  (State  Olympiad),  and  Gary  asked  President  Lovell  to  provide  $500.00 
for  this  activity  through  discretionary  funds.  The  President  agreed  to  do  so. 

Gary  also  reported  that  $1500.00  had  been  cut  out  of  the  Y.A.C.  budget  for  sup- 
port of  Science  Fairs  for  2  reasons:  no  credit  to  the  Academy  by  the  Science 
Fairs  and  the  fact  that  the  Junior  Academy  was  running  short  of  funds  and  needed 
an  increase  in  its  budget.  The  money  was  thus  reallocated  to  Pam  Middleton  (Di- 
rector) at  that  time.  Gary  is  happy  to  support  the  Science  Fairs,  if  the  Academy 
is  acknowledged.  Pam  no  longer  needs  $  1 ,000.00  of  the  above  $  1 ,500.00  so  the 
possibility  is  that  some  or  all  may  now  be  used  for  Science  Fair  support. 

Finally,  it  needs  to  be  clarified  that  the  Director  of  the  Indiana  Academy  of  Sci- 
ence Talent  Search  and  the  Director  of  the  Junior  Academy  both  report  to  the 
Chairperson  of  the  Youth  Activities  Committee.  Pam  Middleton  has  been  report- 
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ing  directly  to  the  President  of  the  Academy,  because  it  was  her  understanding 
that  this  was  appropriate  for  a  presidential  appointment.  She  has  so  informed  Lisa 
Townsend  to  do  the  same  relative  to  her  budget.  Gary  has  asked  the  President  to 
instruct  Lisa  (as  new  Director  of  the  Junior  Academy)  to  report  on  her  budget 
and  other  activities  directly  to  the  Chairperson  of  the  Y.A.C.  in  a  timely  fashion. 

President  Lovell  asked  the  Parliamentarian  to  clarify  the  issue  of  "who  is  report- 
ing to  whom"  in  order  to  promote  coordination  and  to  report  back  at  the  next  meet- 
ing. Considerable  further  discussion  occurred  relative  to  "independence"  and  "co- 
ordination" of  the  above  two  groups  relative  to  the  Y.A.C.  as  described  in  the 
Constitution  and  Bylaws.  The  subject  was  finally  tabled  until  the  next  meeting 
in  March. 

1 1 .  New  Business 

A.  Nominations  Procedure.  Duvall  Jones  raised  the  concern  that  the  slate  of 
nominees  for  elected  positions  should  be  brought  by  the  Nominations  Com- 
mittee to  the  Spring  Meeting  for  input  by  the  general  membership  at  that  time. 
In  other  words,  the  ballot  would  be  finalized  after  potential  modification  at 
the  Spring  Meeting  and  not  afterwards,  as  it  is  now. 

C.  Boener  pointed  out  that  it  would  be  very  difficult  to  prepare  a  slate  with- 
out the  committee  members  having  had  the  opportunity  to  interact  at  the 
Spring  Meeting.  Furthermore,  delaying  the  formation  of  the  slate  until  then 
would  also  give  the  general  membership  adequate  time  to  respond  to  the  "Call 
for  Nominations"  that  is  published  in  the  Spring  Newsletter. 

President  Lovell  tabled  the  discussion  until  our  next  meeting  in  March. 

12.  Next  Meeting 

Set  for  Saturday,  March  14,  1992  (presumably  the  same  time  and  location). 

13.  Adjournment 

A  motion  was  made  and  seconded  to  adjourn  the  meeting  at  1 1:45  a.m.  Motion 
approved. 

Respectfully  submitted, 


James  D.  Haddock 
Secretary 
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INDIANA  ACADEMY  OF  SCffiNCE 

EXECUTD/E  COMMITTEE  MINUTES 

MARCH  14, 1992 

President  Lovell  called  the  meeting  to  order  at  9:47  a.m.  in  conference  room  318,  Univer- 
sity (Lilly)  Library  on  the  IUPUI  campus.  A  nearly  last-minute  change  in  the  meeting  site 
was  required,  because  the  Roof  Lounge  of  the  Union  Building  became  unavailable. 

The  following  members  attended:  C.W.  Lovell,  Neil  Pettinga,  Duvall  Jones,  Ed  Frazier, 
Wilton  Melhorn;  and  guests:  Charlotte  Boener,  Bill  McKnight,  Bill  Gommel,  Frank  Guthrie, 
Wendell  McBurney. 

1 .  Introduction 

Omitted,  as  all  present  were  acquainted. 

2.  Approval  of  Minutes 

Minutes  of  the  February  1,  1992  meeting  of  the  Executive  Committee  were  ap- 
proved, after  correction  of  minor  typographical  errors. 

3.  Approval  of  Agenda 

The  proposed  agenda  was  approved  as  issued,  after  two  questions  raised  by  D. 
Jones  (publication  of  minutes  of  Academy  business  and  nominations)  were  rel- 
egated by  consent  to  agenda  items  relating  to  reports  of  the  Publications  Com- 
mittee and  the  Nominating  Committee,  respectively. 

4.  Report  of  Executive  Officer  (Melhorn) 

The  EO  commented  on  reasons  for  the  change  in  meeting  place,  noting  that  it 
will  likely  become  less  tenable  to  meet  at  IUPUI.  The  EO  noted  also  that  the 
State  Museum  and  State  Library  might  be  suitable  for  later  meetings.  Gommel 
offered  to  host  EXCOM  meetings  at  the  University  of  Indianapolis.  Inasmuch  as 
the  next  EXCOM  meeting  will  be  at  Ball  State  on  April  24,  it  was  decided  to 
defer  decision  until  that  time. 

Comments  followed  on  the  March  12  meeting  of  the  Academy  Foundation,  pro- 
viding of  information  to  the  Amendments  Committee,  the  status  of  publications, 
and  results  of  recent  talks  with  the  Archivist  (Oster)  about  the  conditions  at  and 
future  role  of  the  Academy  Library  in  the  State  Library  building.  Details  of  these 
items  were  deferred  to  the  reports  given  respectively  by  Gommel,  Melhorn  (for 
Dolph),  and  McKnight. 

The  Science  Olympiad  (Chris  Oseto)  has  been  allocated  $500  from  the  President's 
account  to  support  the  State  contest. 
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The  EO  noted  the  disquieting  nature  of  the  report  on  the  activity  of  AAAS  Sec- 
tion Y  at  the  recent  meeting  in  Chicago.  Copies  of  the  Kritsky  (our  representa- 
tive) memo  had  previously  been  distributed  to  the  EXCOM.  Because  of  Kritsky' s 
absence,  no  substantive  discussion  ensued. 

The  EO  asked  about  the  Triangle  Coalition  organization  in  Indiana.  McBurney 
discoursed  at  length  about  his  knowledge  of  local  developments;  apparently,  there 
is  some  movement,  even  organization,  but  no  action.  Wendell  believes  that  we 
should  remain  in  touch  with  this  matter  and  that  objectives  of  the  two  organiza- 
tions are  compatible  but  not  competitive. 

5.  Amendments  Committee 

Gommel  reported  inputs  from  Campaigne,  Boener,  Melhorn,  Jones,  McKnight, 
and  others  on  the  matter  of  constitutionally  formalizing  the  EO  position.  The 
Amendments  Committee  will  meet  in  the  Union  Building  of  Indiana  University, 
Bloomington,  at  10:00  a.m.,  April  4,  for  discussion  of  the  position.  All  are  wel- 
come to  attend. 

Jones  agreed  to  continue  as  Membership  Secretary  for  the  rest  of  1992.  Pettinga 
suggested  that  "it  ain't  broke,  so  don't  try  to  fix  it."  McKnight  related  the  story 
of  the  slow  decline  of  the  Minnesota  Academy  to  a  state  of  somnolence.  On  this 
uncertain  note,  discussion  ceased,  and  no  formal  action  was  taken. 

6.  Nominations  Committee  (Boener). 

Charlotte  Boener  noted  that  this  committee  is  just  beginning  to  function.  The 
number  of  offices  to  be  filled  this  year  is  limited.  A  notice  will  go  to  Kritsky, 
asking  that  a  note  be  placed  in  the  April  Newsletter  asking  the  membership  to 
propose  names  for  consideration  by  the  nominating  committee.  Discussion  fol- 
lowed about  timing.  Jones  clearly  feels  the  process  should  be  completed  by  the 
Spring  Meeting,  whereas  others  think  this  is  inadvisable  or  logistically  impossible. 
However,  there  was  consensus  that  the  procedure  outlined  by  Boener  is  the  only 
reasonable  solution  this  year. 

7.  Publications  Committee  (McKnight) 

McKnight  discussed  the  present  status  and  growth  of  the  Academy  Library  and 
suggested  that  some  decisions  will  be  needed,  within  the  next  five  years,  on  the 
future  of  this  facility.  McKnight  noted  that  Indiana  seems  to  be  the  only  Mid- 
western academy  that  maintains  a  library. 

The  chairperson  also  feels  that  the  Committee  on  Relation  of  the  Academy  to  the 
State  needs  to  actively  move  in  the  direction  of  amending  or  changing  the  Indi- 
ana Code  to  indicate  the  needed  level  of  State  appropriations.  The  EO  also  strongly 
supported  this  suggestion,  on  an  issue  which  has  been  raised  before  but  nothing 
done. 


152  Academy  Business  Vol.  101  (1992) 


McKnight  has  discussed  the  matter  of  publication  exchange  with  the  Illinois,  Wis- 
consin, and  Ohio  Academies.  There  seems  to  be  unanimous  opinion  that  NO  spe- 
cial publications  (for  example,  our  Butterflies  or  Orchids  volumes)  would  be  free 
exchange  material. 

8.  Report  by  Editor 

The  editor  could  not  attend,  so  the  EO  reported  on  a  telephone  message  received 
from  Dolph,  who  is  in  New  York  State.  Galley  proofs  have  been  returned  for 
Proceedings  Vol.  100  (3-4).  Publication  is  likely  6  to  8  weeks  away.  The  next 
issue  (Vol.  101,  (1-2))  is  about  "one-half  done."  Dolph  called  Winslow  (see  min- 
utes of  February  1  meeting)  and  offered  to  help  complete  the  missing  Vol.  98, 
but  the  offer  was  refused,  as  "all  was  in  order."  On  returning  from  New  York, 
Dolph  will  call  his  contact  at  IU  Printing  Services  to  determine  the  facts.  The 
EO  noted  that  three  years,  five  months  is  an  intolerable  situation  that  cannot  con- 
tinue; quick  resolution  of  the  impasse  is  imperative. 

Errors  have  been  noted  in  the  printed  brochure  for  the  Spring  meeting  at  Ball  State. 
These  will  be  called  to  the  attention  of  the  Local  Program  Co-chairs  and  others. 

9.  Status  of  1992  Yearbook 

Sallye  Hunter  has  updated  all  materials  for  the  Yearbook  except  for  the  Commit- 
tee appointments;  the  EO  has  hard  copy  of  the  materials  for  final  correction  and 
editing.  Some  time  was  expended  in  discussing  certain  appointments  with  Presi- 
dent Lovell  in  order  to  expedite  and  complete  committee  selection. 

Gommel  asked  for  six  hard-copy  versions  of  the  up-dated  Constitution  and  By- 
laws for  use  by  the  Amendments  Committee.  Frazier  asked  for  two  copies  for 
the  Treasurer's  use. 

10.  Academy  Foundation  (Guthrie) 

Guthrie  reported  on  the  meeting  with  Trust  Officer  Wilbur  Harrer  at  MB  on  March 
12.  Mr.  Harrer  is  retiring,  and  the  accounts  will  be  handled  by  Mr.  Tom  Benner, 
who  is  familiar  with  our  operations  from  a  previous  stint  as  Trust  Officer.  Guthrie 
distributed  a  5-year  spreadsheet  showing  the  historic  change  in  assets  and  income 
and  summarized  the  discussion  that  had  ensued  with  respect  to  further  diversifi- 
cation or  restructuring  of  assets  in  order  to  insure,  preferably  enhance,  our  income 
level  in  a  time  of  decreasing  interest  rates.  Though  no  formal  fiscal  actions  were 
taken  at  the  meeting,  Mr.  Benner  was  given  certain  questions  to  look  into  and 
will  report  back  to  Guthrie  soon. 

1 1 .  New  Business 

There  being  no  old  business,  Ed  Frazier  distributed  and  explained  the  1991  year- 
end  budget  report. 
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The  EO  moved  for  slight  changes  in  times  announced  in  the  Spring  meeting  bro- 
chure for  Committee  meetings  on  Friday,  April  24.  The  Publications  Committee 
will  meet  from  1:00  to  2:30  p.m.;  the  Executive  Committee  from  2:30  to  4:30 
p.m.;  and  the  Academy  Council  from  4:30  to  5:30  p.m.  The  motion  was  sec- 
onded and  approved;  the  EO  was  instructed  to  notify  all  Council  members  of  this 
change. 

12.  Announcements 

McBurney  announced  and  distributed  leaflets  describing  the  Paul  Klinge  Schol- 
arship of  the  School  of  Education  at  Indiana  University.  Meeting  the  May  1  ap- 
plication deadline  may  not  be  possible  this  year,  but  it  was  agreed  that  the  an- 
nouncement should  appear  in  the  Spring  Newsletter,  noting  that  the  Award  is  an- 
nual and  will  be  available  in  later  years. 

13.  Meeting 

The  next  meeting  will  be  in  room  302,  L.A.  Pittenger  Student  Center,  at  Ball  State, 
Muncie,  on  Friday,  April  24.  Decision  on  date  and  place  of  a  late  summer  or 
early  fall  meeting  of  the  Executive  Committee  will  be  made  there. 

14.  Adjournment 

There  being  no  further  business,  the  meeting  adjourned  by  consent  at  1 1:50  a.m. 
Respectfully  submitted, 
Wilton  Melhorn  (JDH) 
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WILLIAM  RAYMOND  BRENEMAN 

Indianapolis,  Indiana  Bloomington,  Indiana 

June  3,  1907  January  31,  1992 

William  R.  Breneman,  Luther  Dana  Waterman  professor  emeritus  of  zoology,  was  a 
master  teacher  and  researcher  in  the  field  of  endocrinology.  He  received  his  bachelor's 
degree  from  Indiana  Central  College  (now  the  University  of  Indianapolis)  in  Indianapolis 
in  1930  and  his  PH.D.  in  1934  from  Indiana  University  in  Bloomington. 

William  Breneman  received  wide  recognition  for  his  teaching  ability.  He  was  awarded 
the  Frederic  Bachman  Lieber  Award  and  Sigma  Delta  Chi's  coveted  Brown  Derby  for  ex- 
cellence in  teaching.  In  1978,  Alpha  Epsilon  Delta,  the  premedical  and  predental  honor 
society,  established  the  annual  William  R.  Breneman  Lecture  in  Brene's  honor.  Perhaps 
the  culmination  of  his  innovative  and  dynamic  teaching  was  his  pre-Christmas  lecture  to 
his  large  general  zoology  class  or  classes,  which  sought  to  illustrate  the  concept  of  elapsed 
geologic  time  by  comparing  evolutionary  development  in  the  plants  and  animals  with  the 
distance  between  Cadillac,  Michigan  and  Bloomington.  Originally,  this  lecture  was  en- 
titled "Kalamazoo  to  You,"  but  as  knowledge  grew,  the  title  had  to  be  extended  to  "Cadillac 
to  Kalamazoo  to  You."  Man's  evolution  and  the  ability  to  say,  "I  wish  you  a  Merry  Christ- 
mas," occupied  only  the  last  fraction  of  an  inch  on  the  trail.  In  connection  with  his  teach- 
ing, Breneman  was  the  author  of  a  successful  text  called  Animal  Form  and  Function. 

Aside  from  distinguished  teaching,  Bill  was  a  pioneer  in  endocrinological  research. 
His  principal  research  animal  was  the  White  Leghorn  Chicken,  and  his  particular  research 
interest  was  the  pituitary  gland.  The  success  of  his  work  was  attested  to  by  generous  grants 
from  NSF,  the  National  Institutes  of  Health,  and  the  Rockefeller  Foundation. 

Brene  was  a  real  athlete  and  also  contributed  to  Indiana  University  through  his  ser- 
vice as  faculty  representative  in  several  athletic  organizations.  At  Indiana  Central,  he  re- 
ceived letters  in  football,  basketball,  and  track.  He  was  Chairperson  of  the  Athletic  Com- 
mittee at  Indiana  University  for  9  years.  He  was  also  President  of  the  Indiana  University 
Chapter  of  Sigma  Xi  and  a  member  of  several  other  scientific  societies. 

Breneman' s  attitude  toward  education  was  simple  but  direct.  He  felt,  and  often  said, 
that  college  students  today  are  better  than  they  were  in  the  past  and  that  he  had  scientific 
evidence  to  prove  that  statement.  The  challenge  of  today,  he  would  add,  is  to  inspire  the 
average  student  to  advance  beyond  the  average. 
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DAVID  G(ROVER)  FREY 


Hartford,  Wisconsin  Bloomington,  Indiana 

October  10,  1915  April  1,  1992 

David  Grover  Frey,  professor  emeritus  of  biology  at  Indiana  University,  was  a  distin- 
guished teacher  and  researcher  for  most  of  his  adult  life.  His  influence  on  the  study  of 
aquatic  ecology  or  limnology  has  been  immense  and  will  continue  to  increase  in  the  future 
as  a  result  of  the  research  of  his  many  students,  who  are  widely  scattered  over  the  earth. 

Dave  graduated  from  the  University  of  Wisconsin  with  the  bachelor's  degree  in  1936 
and  received  the  master's  and  doctoral  degrees  in  1938  and  1940.  In  1940,  he  joined  the 
U.S.  Fish  and  Wildlife  Service  and  worked  on  salmon  in  the  Columbia  River  in  Washing- 
ton and  oysters  in  Chesapeake  Bay.  He  came  to  Indiana  University  as  an  associate  profes- 
sor in  1950,  after  serving  in  the  Navy  in  World  War  II.  As  a  member  of  the  naval  reserve, 
he  investigated  the  effects  of  the  war  on  the  fisheries  of  the  Philippines.  He  was  promoted 
to  professor  in  1955  and  retired  in  1986. 

His  research  was  primarily  on  Crustacea  and  their  taxonomy,  biology,  and  distribu- 
tion. He  was  a  careful  worker,  who  corrected  several  major  errors  in  the  classification  of 
the  minute  Chydorids. 

Dave  traveled  to  many  parts  of  the  world  in  connection  with  his  studies.  He  was  re- 
warded for  his  efforts  with  the  Einar  Naumann- August  Thienemann  Medal  from  the  Inter- 
national Society  of  Limnology  (only  four  Americans  have  received  this  award  in  its  sev- 
enty-year history),  election  to  the  Royal  Danish  Academy  of  Science  and  Letters,  and  a 
Certificate  of  Commendation  from  the  Ecological  Society  of  America. 

Dave  was  the  founding  Editor  of  the  journal,  Limnology  and  Oceanography.  He  was 
President  of  the  American  Society  of  Limnology  and  Oceanography  and  an  officer  in  sev- 
eral other  scientific  societies.  Since  1975,  he  served  as  a  consultant  with  the  U.S.  Envi- 
ronmental Protection  Agency. 

Dave  and  his  wife,  Sarah  Elizabeth  (Jones)  Frey,  were  both  devoted  to  the  conserva- 
tion of  the  natural  environment.  He  once  said  that  the  control  of  water  pollution  involved 
getting  a  lot  of  people  to  cooperate,  and  people  don't  like  to  change  their  way  of  doing 
things. 

At  the  time  of  Frey's  retirement  in  1986,  Donald  Whitehead  said,  "I  know  of  no  other 
laboratory  [such  as  Frey's]  visited  so  frequently  from  abroad  where  so  much  information 
is  so  willingly  shared  and  where  so  much  encouragement  is  provided.  The  fact  that  in 
recent  decades  Indiana  University  has  become  one  of  the  most  respected  and  internation- 
ally known  centers  of  study  in  aquatic  ecology  is  due  entirely  to  the  research  and  teaching 
of  Professor  David  G.  Frey." 
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HELMUT  KOHNKE 

Rostov,  Russia  West  Lafayette,  Indiana 

August  6,  1901  February  19,  1991 

Born  in  Russia,  Helmut  Kohnke  was  taken  to  Germany  at  the  age  of  2.  He  attended 
the  University  of  Berlin  and  received  the  bachelor  of  science  degree  in  1925  and  the  doc- 
tor of  agriculture  degree  in  1926.  He  later  received  the  master  of  science  degree  from  the 
University  of  Alberta. 

From  1934  until  1943,  Helmut  worked  at  the  watershed  research  station  near  Coshocton, 
Ohio.  He  was  honored  in  1987  for  his  work  there  in  installing  lysimeters  to  measure  run- 
off and  erosion. 

Helmut  was  elected  a  Fellow  of  the  American  Society  of  Agronomy  in  1956  and  of 
the  American  Association  for  the  Advancement  of  Science  in  1962.  He  served  as  a  visit- 
ing professor  at  universities  in  Germany,  Argentina,  Columbia,  and  Brazil  and  helped  or- 
ganize a  soil  conservation  department  in  The  Poushkarov  Institute  in  Bulgaria  in  1972. 

Helmut  was  interested  in  environmental  conservation  and  was  instrumental  in  preserv- 
ing parkland  in  Tippecanoe  County,  Indiana.  He  served  as  a  steward  for  the  Nature  Con- 
servancy and  received  an  Oak  Leaf  Award,  the  highest  honor  granted  by  that  society.  Af- 
ter his  retirement  from  teaching,  he  served  for  a  year  as  liaison  between  the  Indiana  Acad- 
emy of  Science  and  the  Department  of  Natural  Resources. 

Dr.  Kohnke  taught  and  did  research  at  Purdue  University  from  1943  until  his  retire- 
ment in  1970.  His  special  interests  were  in  soil  properties  related  to  plant  growth,  tillage 
systems,  and  coal  mine  reclamation.  He  assisted  32  graduate  students  with  their  research 
and  was  the  author  of  36  publications,  including  3  textbooks. 


JOHN  F.  QUAY 

Indianapolis,  Indiana 
March  17,  1991 

John  F.  Quay  received  his  bachelor's  and  master's  degrees  from  Ohio  State  Univer- 
sity in  1957  and  his  Ph.D.  degree  from  the  Indiana  University  Medical  School  in  1968. 
John  served  in  the  U.S.  Army  during  the  Korean  conflict.  At  the  time  of  his  death  at  the 
age  of  59,  he  was  a  Senior  Research  Scientist  at  the  Eli  Lilly  Research  Laboratories  in 
Indianapolis.  John  was  the  current  chairperson  of  the  Indianapolis/Cincinnati  Group  on 
Pharmacokinetics.  He  was  the  author  of  numerous  papers  and  books  on  chemistry  and 
pharmacology. 
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JOHN  HENRY  SINCLAIR 


Oakwood,  Texas  Bloomington,  Indiana 

August  14,  1935  October  28,  1991 

John  Henry  Sinclair  was  a  fine  teacher  and  an  excellent  researcher.  He  received  his 
bachelor's  degree  in  1958  and  his  master's  degree  in  1959  from  Texas  A  &  M  University. 
He  was  awarded  a  doctoral  degree  by  the  University  of  Chicago  in  1966.  He  spent  two 
years  in  research  at  the  Carnegie  Institute  of  Washington  in  Baltimore,  Maryland. 

John  loved  to  teach  at  all  levels,  and  his  laboratory  was  always  full  of  undergraduates 
working  on  various  projects.  He  twice  received  the  Biology  Senior  Teaching  Award  and 
the  Faculty  Teaching  Award-School  of  Continuing  Studies. 

John  came  to  the  Zoology  Department  at  Indiana  University  in  1968,  bringing  with 
him  all  his  energy  and  enthusiasm  for  both  research  and  teaching.  He  became  Chairper- 
son of  the  Zoology  Department  in  1973  and  served  until  1976.  He  gave  unselfishly  of 
himself,  often  at  the  cost  of  his  research  time.  His  research  was  on  mitochondrial  DNA 
biogenesis. 

His  memorial  resolution,  prepared  by  some  of  his  closest  colleagues,  contains  the  state- 
ment: "John  had  a  very  profound  effect  on  his  students  and  colleagues.  His  was  a  very 
rational  mind;  he  was  able  to  sit  down  and  think  through  complex  problems,  whether  sci- 
entific or  personal,  in  a  very  logical  manner.  When  he  realized  he  was  ill,  he  did  a  thor- 
ough literary  search  on  the  illness  and  discussed  the  prognosis  with  colleagues  in  a  scien- 
tific, disinterested  fashion." 

During  his  last  year,  John  devoted  a  large  part  of  his  time  to  his  hobbies  —  farming 
and  breeding  Welsh  ponies.  He  did  this  in  his  usual  thorough  manner.  He  established  the 
Fox  Glen  Research  and  Education  Fund  to  support  his  research  on  horse  breeding.  Near 
the  time  of  his  death,  this  fund  was  turned  over  to  the  Biology  Department  to  help  fund 
undergraduate  research. 
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